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rent of 
IN deciding whether drastic dietary 
r surgical treatment is indicated for a 
fiven patient with established hyper- 
tension, it is essential for the phvsician 
to know something of the natural course 
f the disease and of the signs that indi- 
ite an Ominous prognosis. In attempt- 
ig to provide 
on, the 
ents with “essential hypertension” ex- 
mined at the University Hospital in 
1938 to 1940 were selected. 
individuals were all carefully 
tudied, had blood pressures exceeding 
60/110 on 2 or 
ere under the 


an answer to this ques- 
records of 119 consecutive pa- 


i¢ vears 


These 


determinations, 
age of 53, and did not 
ve primary renal disease or terminal 
mplications such as coronary throm- 


more 


ites Public 


For 


Health Service 


These studies were supported by a grant from the 


merly Instructor in — Medicine, 


University of Michigan, Ann Arbor, Michigan) 


bosis. recent cerebrovascular accidents, 
congestive failure renal im- 
pairment as manifested by an elevated 
nonprotein nitrogen or mi arkedly dimin- 
ished urea clearance. In short, all of 
these patients would have been con- 
sidered suitable candidates for splanch- 
nicectomy according to our present 
indications, and 20 of them were in fact 
accepted for surgery but did not return 
for the operation for various reasons. 
The status of 117 of these patients was 
determined 8 to 10 vears later by letter 
to the patient's physician or by reexami- 
nation at the University Hospital in 
the case of 72% of the survivors. 

Results. The 117 patients on whom 
follow-up data could be obtained have 


or severe 


National Institutes of Health, United 


University of Michigan Medical School. 
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been studied from 3 standpoints: | 
gross mortality rate and type of death; 


factors 


influencing prognosis; and 
status of the 

NIORTALITY 
DEATH 
16 


cations 


SUIVIVOTS. 
Typ! 
patients 


RATE AND 
117 


died from hypertensive compli- 


Ol 
Of the original 
unknown 


‘ 
2 trom causes, 


6% for reasons unrelated to high blood 


pressure, and 46% were still alive at th 
end of the 10-year interval (Table 1] 
rABLI MORTALITY RATES AND ¢ 
( 
Q 
12.8 
Mak +t | 9 
70.4 
| 63 1S 
15.4 
\ nder the ‘ f 58 and did 
ebre ; cident, or congestive fai t 
Ss atter e initial examination, data on 90 be 
scular re omplications was used to denote d 
failed e strikingly than an 
lhe hypertensive deaths were about 


equally divided between cardiac and 
Uremic deaths 
that the 
“essential hyper- 


kidney 


cerebrovas¢ ular Causes, 


were uncommon, showing 


patient with 


average 
i 


tension and _ fair function is 


unlikely to succumb to renal failure. 
2. Facrors INFLUENCING PROGNOSIS. 
a SEX. From Table 1 it is evident 


that the prognosis is poorer for males 


than females. The tvpe of hypertensive 


death was the same in each sex and 
there was no significant difference in 


the of blood 


pressure, fundus grading, or frequency 


age distribution, 


range 


of vascular complications Females 


therefore, with a comparable severity 


of hype rtensive disease outlived males 


BARRY, 


HALL, HOOBLER: 
b) EFFECT OF INITIAL HYPERTENSIVI 
COMPLICATIONS ON MORTALITY. The 


finding on the initial 


ot 


electrocardiographic abnormalities, cat 


examination 


diac enlargement, or a history of a cere 
brovascular accident or focal enceph 
evidence of 


alopathy was considered 


rtensive compli ations 


illustrates the marked prognostic im 
portance of such manifestations. For 
example at an initial diastolic blood 
AUSE OF DEATH HYPERTENSION * 
R 
( ( \ ( 
) 
17.8 14 
7 
t hay ition of the n nitr 
art of the inte il The followed 7 1] 
neg btained within an 8 10 peri ( 
+} aly } ter } h nos 
pressure level of 120 to 129, 2 out of 13 
patients with such complications sul 


vived. whereas 12 out of 14 patients 


with uncomplic ated hype rtension lived 
through the interval. ompli¢ tions 
hypertension similarly affected the out 
at blood 
studied. This increased death rate 
not the result of 


of males with complicated hypertensive 


come every pressure level 


was 
an increased number 
disease. A detailed analvsis of the eftect 
of the tvpe of complication upon the 
prognosis follows in a later section of 
this report 
(c) EFFECT OF INITIAL BLOOD PRES 
Table 


indicates that the blood pressure per s¢ 
had little effect on the outcome. Of 25 


SURE LEVELS ON THE PROGNOSIS. 


in a ratio of about 3:2. patients with initial diastolic blood 
® Electrocardiog1 phic ibnormalities usually consisted of inverted T waves in leads I and II 
r significant left axis deviation as inte rpreted through the courtesy of Dr. Frank N. Wilsor 


irdiac enlargement was defined as 


1 or heicht 


based ii 


an mncre 


of more than 15% above the predicted norm 


ind weight according to the standards of Hodges and Eyster' 


Table 2 
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‘survived: whereas 59% of 17 
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pressure between L110 and 119 but with- 


out hypertensive complications, T7% 


similar 
patients with diastolic pressures over 
130 lived through the 9-year interval. 
It will be seen that patients with highe: 
blood pressure levels tended to have 
hypertensive complications more tre- 
quently and theretore as a group they 
had a worse prognosis. On the other 
hand, when the effect of such compli- 
cations is excluded, it is by no means 
certain that blood pressure levels bear 
ny unportant relation to prognosis. 

d) EFFECT OF AGE AND DURATION OF 
HYPERTENSION ON MORTALITY. Since sur- 
vival might be the result of duration of 
hype rtension at the time first seen, the 
data were studied in this regard. The 
ige of the patient at the time of the 


sure levels, hence the presence of the 
complications — of hypertension, espe- 
cially in a young person, carried a 
serious prognostic implication. How- 
ever, with this exception, it did not 
appear that age per se was of any great 
importance in affecting the outlook in 
essential hypertension. 

The known duration of hypertension 
prior to the first examination as ob- 
tained from the history did not appear 
to influence the survival rate. The me- 
dian duration of hypertension prior 
to the initial examination was 4 vears in 
the survivors and 3 years in those who 
died, but the differences were not sig- 
nificant. Most patients knew of their 
hypertension only within the year of 
the initial examination: it is probable 
that it had been present for a longer 


PABLE 2.--EFFECT OF INITIAL BLOOD PRESSURE AND OF CARDIAC OR 
CEREBROVASCULAR COMPLICATIONS ON PROGNOSIS INO HYPERTENSION 
om plications at initial eramination” 
In fial diastoli Present fhsent 
hlood pressure 
mm Hla Vo living Vo dead Vo. lit ng \ a 
110-119 $ 2 17 ) 
120-129 2 11 12 2 
1S0-139 9 6 
140-170 17 2 
Torat 11 39 39 14 
Comp! ns included prior cerebrovascular accident (6 cases), electrocardiographic abnormali 
or heart size increased by more than 15°; of normal. In this and succeeding tables, total number 
f patients is slightly less than the original 117 owing to exclusion of 9 patients who died of nonhyper- 
tensive or unknown causes and of a few patients in whom adequate data were not present on initial 


initial examination had only a slight 
effect on the mortality when such vari- 
ibles as initial height of blood pressure 
ind presence of vascular complica- 
accounted for. Thus, of 
patients under 40 with uncomplicated 
14 survived and 3 died, 
vhile in those over 40, 23 survived and 


tions were 
1\ pertension 


11 died. Young persons exhibiting signs 
hypertensive complications had a 
vere mortality rate: 3 lived and 14 
lied, while of those over 40 in the same 
roup, 10 survived and 25 died. This 
ung group did not have a high pro- 
rtion of males nor high blood pres- 


period but passed unrecognized. There- 
fore the data on this point are probably 
unreliable, but it does not suggest that 
patients in our series dying of hyper- 
tension happened to be seen later in 
the course of their disease than the 
survivors. It was apparent that the 
duration of the disease was in no way 
related to prognosis, since of 10 persons 
who were known to have had eleva- 
tions of blood pressure for 15 to 20 
vears prior to the first examination, 5 
survived an additional 9 years, and 5 
died. This is approximately the mortal- 
ity rate of the series as a whole. 


| 
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(e) EFFECT OF CARDIAC COMPLICA 
MONS ON THE MORTALITY. All 16_ pa- 
tients with cardiac enlargement alone 
or in conjunction with electrocardio- 
graphic changes died, 6 within 2 years 
of the initial examination. The cardiac 
enlargement was not more common in 
the male sex but did tend to occur at 
higher initial levels of blood pressure 
However, even taking into account this 
fact, it is readily apparent that the en 
largement added greatly to the mor- 
tality rate. It is noteworthy that many 
of these patients with cardiac enlarge- 
ment did not complain of marked 
dyspnea nor signs of congestive failure 
at the time of the initial examination 

Of 39 patients with abnormal electro 
cardiograms alone, 25 failed to survive 
the interval. This represents a_ slight 
increase over the gross mortality rate 
of the series as a whole, but indicates 
that the electrocardiographic abnormal- 
itv was not as serious a prognostic sign 
as was cardiac enlargement 

[It was somewhat unexpected to find 
that in these individuals the tvpe of 
death Was aS likely to be cerebrovas¢ ul- 
lar as cardiac. Four of the cardiac 
deaths were ascribed to coronary 
thrombosis, and occurred 3 to 9 vears 
later. The initial electrocardiogram 


showed left axis deviation in 2 instances 


stances. Four patients complained of 


and T-wave inversion only in 


angina pectoris on initial examination: 
1 is still living, 2 have died of a cere- 
brovascular accident, and 1 died of 
coronary thrombosis. 

(f) EFFECT OF CENTRAL NERVOUS SYS- 
TEM SYMPTOMS AND COMPLICATIONS ON 
ouTcoME. Cerebrovascular complica- 
tions in hypertension are notably diffi- 
cult to predict. Seventy-five patients 
who complained of headaches or dizzi 
ness at the initial examination had 
essentially the same mortality rate and 
type of death as 24 patients without 
such symptoms. It was also found that 
the frequency of cerebrovascular death 
did not increase with higher initial 
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blood pressure levels, but did tend to 
occur more frequently the older 
patients. Advanced retinal vascular dis- 
ease might be presumed to reflect con- 
comitant cerebrovascular lesions. This 
was not found to be true: of 20 patients 
with grade 1 or 2 tundi at the start of 
the interval, 55% died of cerebral com 
plications whereas of 25 patients with 
grade 3 ftundi, 60% died ot cerebrovas 
cular disease. 

Twelve patients died of a cerebro 
vascular accident within 2 years of the 
initial examination. Five had no com- 
plaint of headache when they were first 
seen. Only l ot the 12 had had a prior 
cerebrovascular accident, and 4 had 
diastolic blood pressures below 130 
mim. of mercury. It will be seen that 
even when cerebrovascular death was 
relatively imminent, neither headache 
nor marked elevation of the blood pres- 
sure was particularly helpful in  pre- 
dicting the outcome 

Six patients had one or more tran 
sient cerebrovascular accidents before 
the first examination. In 3 of them, 
neurologic residua wer present at the 
time thev were first seen. Four of these 
patients died of subsequent strokes 
after surprisingly long intervals: 6, $8 
9, and 13 vears from the date of the 
initial accident. Two survived the 
9-year interval, living 1] and 13 vears 
after having sustained a transient hemi- 
plegia of several months’ duration. Both 
were without cerebrovascular symp 
toms at the time of final examination, 
although in neither case had there been 
any reduction in blood pressure during 
the interval. 

(2) EFFECT OF RETINAL VASCULAR DIS 
EASE ON THE MORTALITY. Fundus grad- 
ing has been extensively in 
estimating prognosis in hypertension” 
An attempt, therefore, was made _ to 
examine the influence of the fundus 
classification on the outcome. Tabula 
tion of fundus grading in relation to 
diastolic blood pressure levels and rate 
of hypertensive complications revealed 
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such close between. the 


two that little opportunity occurred to 


correlation 


compare the value of difterent tundus 
gradings upon the prognosis in patients 
with comparable blood pressures, ‘Lhe 


f patients with grade 4 changes in 


cluded in this series all had a fatal out 
come within vears of the intial 
\s has been mentioned 


pre viously. the degree of retinopathy IS 


not of value im predicting the tvpe of 


death that will ultimately occur; but as 


direct reflection of the vascular de- 


veneration accompanying the hyperten 


sive process, it is undoubtedly 
i useful guide to the future. 
h) EFEECT OF RENAL STATUS ON THI 


MORTALITY RATE. Three of 4 patients 


with urea clearance below 50% died 


7 of Ll individuals with 50 to 75% of 
normal function died. Even more omi- 
nous was the consistent presence ot 


this 
frequently in 


manitesta 


Although 


tion occurred more 
patients with high initial diastolic pres- 
sures, or cardiovascular Complications, 
the data would suggest that in patients 
ith these changes the added presence 
of persistent albuminuria made the 

prognosis definitely worse. 
Ot 


CHANGES BLOOD 


PRESSURE DURING THE INTERVAL ON THE 


MORTALITY. In 24 of the 54 patients who 
died hyp rtensive deaths, the diastolic 
blood pressure 1 week to 2 vears before 
death was known (solid dots in Fig. | 
It will be seen that in 2 
increased more 

levels at the 


cases it had fallen more 


cases it hed 
than 20 mm. from the 
initial examination, in 4 
than 20 mm.. 
ind in 1S it had remained within these 
was a general tendency 
tor the blood pressure to fall slightly in 


limits. There 
ases with cerebral deaths, onl: to rise 
n patients with cardiac deaths. The 
ignificance whether 
result of the terminal 
is unknown, data ob- 
not 
utirely dependable and no blood pres- 
all could be ob- 


of these findings, 
the cause or the 
IIness. since the 


tained by correspondence are 


ure intormation at 


ARTERIAL 


HYPERTENSION 2433 
tained in more than half of the patients 
who died. there 
that an increase in blood 


However, is certainly 
no evidence 
pressure is a Common event just prior 
that a 


rising blood pressure predisposes to the 


to death in hypertension, nor 


development of a cerebrovascular acci 
dent. 


3. STATUS OF THE SURVIVING PA 


From personal interview o1 


questionnaire it was learned that of 
dL living patients, 19% are symptom- 
free at present, and 61% have mild 


referable 
but are useful citizens capable of doing 
their daily work. Adding these 2 groups 
one finds that SO® of the living 
of the 
remained capable 


symptoms to hypertension. 


together 
patients 5 entire series ) have 
and usetul people 
without severe distress. Forty-three per 
cent of the females and 13% of the males 
in the 
Yory. 

Further analysis of the 
that the 


plaints of headaches and dyspnea if 


entire series fall into this cate- 
svinptoms 


reveals hypertensive —com- 
initially present had rarely improved, 
while if they absent at the first 
examination they have developed in the 
interval in an appreciable number of 
patients. In 


were 


most cases, however, the 
symptoms in the survivor were not dis 
abling. many of — the 
patients without retinal or cardiovascu 
lar renal initially h 
acquired evidence of such dam: Lge, 
whereas those who were previously ab- 
normal little 


toward improvement. 


Furthermore, 


changes have now 


have shown tendency 

Changes in the blood pressure in the 
survivors were of considerable interest. 
The open circles in the graphic record 
(Fig. 1) reveal the variation between 
initial and final readings. The diastolic 
blood pressure remained within + 20 
mm. of the original value in 38 of the 
43 surviving patients in whom satis- 
factory data obtained. Five 
patients with diastolic blood pressures 
exceeding 140 mm. on the initial exam- 
ination are still living, and 3 of them 


were 
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HANGE N DIASTOLIC PRESSURE BETWEEN INITIA EX AMINAT N AN 
FINA EXAMINATION OR DEATH 
67 4Y¥YPERTEN PATIE? We 9 Y AR 
i¢ | Chang in diastolic blood pressure during follow up ybservation. Gr sO nstructed 
that points on the middle diagonal line represent no change in diastolic | 1 pressure durin 
the interval, whil points above the upper diagonal line indicate decrease of re than 20 mm 
*t mercury. It will be seen that changes in blood pressure in both survi' I fatalities rarely 


exceeded the limits of + 20 mm. of mercury diastolic pri 


still have blood pressures above 130 patients the blood pressure fell to 


diastolic, 9 years later. All were females normal. One apparentiv had a signifi 
initially between the ages of 41 and 47, cant improvement in the blood pres 
and, except for electrocardiographic sure but suffered a “stroke” during th 


abnormalities in 2, no complications of interval. Her history is as follows: She 


hypertension were present initially. All was a 45-year old white female with a 
3 were classified as without serious dis- blood pressure of 230/140 when. shi 
abling symptoms at the time of the was first seen at the University Hos 
follow-up examination, but only 1 was _ pital. She did not return for re-examina 
entirely asymptomatic. tion but follow-up letters disclosed that 
Reductions in diastolic blood pres- her pressure is now normal and_ het 
sure exceeding 20 mm. have occurred condition is “better than it was 10 
in 4 of the survivors. In 2 cases there vears ago.” She had a “stroke” about 4 
was a decline to levels of 95 and 118 vears ago. 
mm. of mercury respectively. In 2 The second patient (Fig. 2), after 


| 
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labile 


hype rtension without evidence of vas- 


maintaining a prolonged but 
cular changes, has had a gradual re- 
version to normal blood pressure and 
has remained normotensive for a num- 
ber of vears. The details of her history 
ire summarized in the accompanying 
illustration 

Discussion. Forty-six percent of the 
patients died within 9 vears of the 


complic tions of hypertensive disease. 


il 


selves are of serious prognostic im- 
portance. Although the number of cases 
is insufficient to draw definite conclu- 
sions, we feel that these findings in ap- 
proximate order of individual im- 
portance seriously affect the prognosis: 
1) evidence of hypertensive com- 
plications, in particular, cardiac en- 
largement, persistent albuminuria, and 
encephalopathy or 


accident: 2) height of 


history of cere- 


brovascular 


observations over a 12-year period in a patient with essential hypertension 


experienced a spontaneous and sustained reduction in the blood pressure. 


Phe expect d mortality rate for the 
same interval of the normal U. S. pop- 
ulation distributed by age, sex, and 
color in the manner of our patients was 
7.8 It is thus apparent that we se- 
lected a group of patients who would 
good life 
expectancy if they had not had hyper- 


tension. Our gross mortality rate of 


have had a reasonably 


tbout 50° at 9 vears agrees fairly well 
with the « xperience reported by others, 
when the widely varying criteria of 
selection and duration of follow-up 
periods are considered!’ 

We have made a_ serious attempt 


to select those tactors which in them- 


the diastolic blood pressures 3) male 
sex; 4) abnormality of the electro- 
cardiogram; 5) hypertensive retino- 
pathy. Certain factors did not appear 
to play a significant role in increasing 
the mortality rate. These included age 
of the patient, estimated duration of 
hypertensive disease, frequency and 
severity of headaches or dizziness at 
the time of initial examination. It must 
again be emphasized that these are 
only tentative conclusions; it is impos- 
sible to evaluate each individual factor 
in a series this small. 

No attempt has. been made in pub- 
lished reports to evaluate the prognos- 
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ic importance of certain findings 


the 
levels and of other factors of probable 


independ ntly of blood pressure 


Palmer'! has recently 
the the 
vascular complications in determining 
the prognosis in His 


patients such complications 


importance 
emphasized importance — of 
hypertension. 
without 
mortality rate 8 vears later, 
while those with more definite cardio- 


had a 229 
cerebral involve- 
78% 


Bechgaard and several other authors 


vascular renal or 


ment had a 47 to mortality rate. 


have emphasized the serious 
ness ol electrocardiographic or roent 
signs of cardiac damage in 
Others 

in a selected series of long surviving 


patients did not find that these abnor 


y 
genologic 


evaluating the prognosis 


malities increased the mortalitv rate 
Relation of retinal vascular diseas« 
to the prognosis could not be inde 


pendently evaluated, since degree of 
retinopathy paralleled height of blood 


pressure and complication rate. Only 


t cases of grade 4 fundi, so-called 
“malignant hypertension”, in associa 
tion with a normal nonprotein nitrogen 
were included. These had the fatal 
prognosis described by others. Only 
Flaxman* has indicated that an ap 


preciable number of these patients 


may survive 

The higher the blood pressure at the 
initial examination, the worse was the 
accord with the 


prognosis. This is in 


most investigators, al- 
that the 


height of the blood pressure was of 


opinion ot 


though Janeway* indicated 
little prognostic import, and Bechgaard 
suggested that particularly in females 
the mortality rate did 
with higher blood 


agreement with other 


not increase 
pressures. In 
authors, how- 
ever, we have observed frequent cases. 
particularly in females without hyper 
tensive complications, in which long 
with high blood pressure 
levels has occurred. Blood and Perera 


others. this the 


survival 


among made 


subject of special study?. 


have 
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The type of hyperte nsive death was 


equally distributed between cardiac 
and cerebrovascular causes. Except 
when cerebrovascular accident 


a prio! 


suggested a cerebral death, we have 
been unable to predict the type of 
death on the basis of the initial status 
of the patient. A blood 
did predispose to 


apoplexy in our patients as it has in 


high initial 


pressure not 
the experience of others®!°:"4, 

We 
in blood pressure in the survivors and 


marked 


normal levels. One patient apparently 


observed occasional reductions 


reductions to 


instances of 


hecame normotensive following a cer 


brovascular accident; the other was a 
woman with very few signs of organic 
vascular disease and avery” labil 
pressure Rasmussen and Boe! found 
2 cases in their 100 patients studied 
over a 6-year interval in whom blood 
pressure was reduced to normal: in the 
great majority. the blood pressur 
showed no essential change. Twenty 
seven percent of 100 relatively mild 


hypertensive patients analyzed by 
Bechgaard had reductions of over 10 
mm. of mercury in their diastolic blood 
later, but this 


described as a signif 


to 5 vears 
hardly be 


cant change 


pressure 
Call 
since spontaneous Varta 
limits. In his 
that 


cases of essential hypertension with 


tions often exceed such 


series analvsis reveals only 15 
an initial diastolic blood pressure over 
110 fell to normal on follow-up exam 
inations. This represents about 37 of 
the 562 patients with initial pressures 
within the 
study and corresponds rather well with 


Although 


reductions do 


category included in our 


our experience. significant 


spontaneous undoubt- 


edly occur, they are very rare and it 


that once 
hypertension is well established the 


can be assumed, we believe 


chance of spontaneous cure or definite 
the 


treatment, surgical or 


reduction of pressure is quite 
uncommon. 
medical, which accomplishes this re- 


sult over an extended period on more 


t 
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than 3 to 5% of patients can be said, 
we believe, to have had a significant 
ettect. 

The relative constancy of the blood 
pressure in most of the survivors was 
somewhat surprising, although sim- 
ilar observation was made by RKRas- 
the 


re-examined. 


mussen and Boe when 


ot the 
Within limits of plus or minus 20 mm. 


survivors 
SCTICS were 


diastolic pressure there was no_ sig- 


the 
period of observation. There was no 


nificant variation during entire 
tendency tor patients with less severe 
hype rtension to have progressive ele- 
the blood may 
he objected that a fall of 20 


mm. diastolic covers too wide a range. 


vation of pressure, It 


rise or 


Yet studies on hypertensive patients 


examined in 2 clinies of the hospital 


within a few days of each other, or in 
the same clinic 10 to 15 months apart, 
show fluctuations of this order of mag- 


nitucl Consequently we do not be- 


lieve the limits are too closely defined. 
and even within any limit selected 
there is no. significant upward trend, 


as the median change over the 9-vear 


interval was 2 mm. otf mercury. 


Since the majority of patients had had 
established hypertensive disease for 
one or before they 


more Vvears were 


referred to the University Hospital, 


it follows that rises in pressure must 
betore we 
the 


the tendency 


occurred 
that 

established 
pressure to be maintained at this level 


have them 
became 


was for the 


Saw 


ind once disease 


more OF le SS indefinitely. 

It might be objected that the blood 
pressure r mained constant in the sur- 
but those 
who succumbed to the disease in the 


vivors continued to rise in 
interval. While this possibility cannot 
Vv statistics from 
series would indicate that there 
significant increase in blood 
pressure prior to death in 18 of 20 
blood pressure was 
recorded within 2 vears of the date of 
death. Paullin?”, 


be denied, fragmentary 
oul 
Was ho 


patients whose 


who made more care- 
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ful observations on his patients, 
reached a similar conclusion. 

The greater probability is that, with 
rare exceptions, atter hypertensive dis- 
well established, the 
blood pressure usually fluctuates about 
a more or less constant value and the 
mortality is thereafter determined by 
the location and progression of Vas- 


Case becomes 


cular disease. Such vascular changes 
reflected by albuminuria, advanced 
retinopathy, cardiac enlargement, elec- 
trocardiographic alterations or cerebral 
disturbances are probably the result 
of ischemia due to arteriolar disease. 
These signs of organic disease usually 
parallel the height of the blood pressure 
but are more important than the latter 
in determining the mortality rate. 

It is therefore necessary to determine 
the frequency of vascular complica- 
tions in hypertensive 
patients when the long term results of 
treatment are to be evaluated or com- 
pared with other reported studies. In 
this for example, by 
choosing patients with little evidence 
of vascular survival 
rate could have been obtained, while 
if one were to select the patients with 
the highest complication rate a 20% 
survival rate would have been achieved 


any series ot 


investigation, 


disease, an 


from material of comparable age. sex 
and blood pressure distribution. 
steadily blood 


probably indicates an acceleration of 


rising pressure 
the disease process with a worsening 
of the prognosis, whereas a_ signifi- 
cant spontaneous reduction in blood 
pressure is in all probability a favor- 
able sign. Our study would indicate. 
however, that such definite changes 
are apparently unusual once hyper- 
tension has become fullv established 
and that after the early stages of the 
disease have passed, the blood pressure 
level does not tend to rise further and 
death is more dependent on the pres- 
ence or progression of signs of vascular 
damage than on the level of the blood 


pressure alone. Consequently, the 
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common practice of assuming that the 
outlook is good if the blood pressure 
fails to rise further, once hypertension 
has become well established, may lead 
to a talse sense of security. Again it is 
emphasized that the prognosis as well 
as the decision concerning the form of 
to be instituted 


depend on the evidences of vascular 


treatment should 


damage rather than on the height o1 
the the blood 
pressure. A male patient with evidence 


change levels of 


of cerebral, cardiac, or renal changes 


carries a serious prognosis if un- 


treated. whereas a_ female patient 


without such abnormalities is likely 
to survive a long time in relatively 
good health with no treatment at all 
These factors may be ot determining 


importance when the physician is con 
fronted with the often difficult decision 
the ot 
restriction or extensive 


concerning advisability sever 


dietary surgery 
in the treatment of the patient with 
hvpertensive disease 

Summary. 1. Of 117 carefully studied 
hypertensive patients under the age of 
53 with blood pressures initially exceed- 
ing 160/110 who were followed up 
9 vears later, 46% had died of the com- 
plications of hypertensive disease 
accounted 

of the 
deaths, and cardiac and renal compli- 
the remainder 

2. The most important factor in de- 
termining the initial 
presence of vascular disease as mani- 
fested 


trocardiogr aphic 


accidents 
one-half 


Cerebrovascular 
for approximately 


cations accounted for 


prognosis was 


by cardiac enlargement, elec- 
alterations, albumi- 
nuria, or hypertensive encephalopathy. 
Approximately SO% of patients with 
such complications died, whereas only 
20% of those without evidence of vas- 
failed to the 
9-year interval. The effect of such com- 


cular damage survie 


We ire 


iSSISt 


indebted to Mr 
ollecting the 


Jame S ] Inge and 
statistical data 


ince 1M 


BARRY, 


HALL, HOOBLER: 
plications on mortality rate was inde- 
pendent of the height of the blood 
pressure, Sex distribution, or other 
known variables. 

3. In addition to the above, certain 
findings of lesser individual prognostic 
value were: a) the height of the blood 


the 


pressure, b) sex of patient (mot 
tality rate in males was higher by a 
ratio of 3:2), ¢) degree of hyperten 
sive retinopathy. The age of the 
patient and duration of hypertension 
had little, if any, effect on the out 
come. 

4. It was generally impossible to 


predict the tvpe of death from. th 
the 


5. The survivors 


findings at initial examination 


when re-examined 


slow 


showed evidence of 
otf their 
ever, SO% 


abling symptoms 


progre 


hyvpertensiv disease How 


were without clis 


Phe 


in many patients with 


serious 
benign course 
of the disease 
out vascular complications is empha 
sized. 

6. The blood pressure showed. little 
the 
vivors or in those who died of hyper 
Many 
stood severe hypertension for 
had a 
blood pressure to normal levels 

7. The unreliability of the height o1 


change in the blood pressure level as 


tendency to change either in sul 


tensive cisease patients with 


many 
only 2 fall in 


years; SUTVIVOTS 


a prognostic sign in hypertension is 


emphasized, and the importance of 
determining the degree and progres- 
sion of vascular damage in_ heart, 
brain, kidnevs, and retina is stressed. 


Such data must be known before mor 
tality rates in anv series of hyperten- 
sive patients can be evaluated, and 
this information is of vital importance 


in formulating a plan of treatment for 


a patient with “essential” hyper- 

tension. 

Miss Nancy Helen Raus for their valuable 
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tHE USE OF MERCUHYDRIN IN THE RECOGNITION OF A CARDIAC 
FACTOR COMPLICATING BRONCHIAL ASTHMA 


By L. M.D., F.A.C.P 
SSISTANT CLINICAI PROFESSOR OF INTERNAI MEDI 


AND 


\. Rospert Woourrz, 


NEW YORK, N 


Krom tl Department of Medicine, New York 
Medical (N.Y.| Division, Belle 


It is often difficult to differentiate 
early left ventricular failure from al 
lergic bronchial asthma’. Particularly 
is this so in the older age group where 
hypertensive and arteriosclerotic heart 
disease are COMmMMOn The co-existence 
of cardiovascular disease and bronchial 
asthma is by no means rare and, inas 
much as dyspnea, cough and wheezing 
are features common to both, the prob 
lem becomes perplexing. Re- 
cently, 6 patients over 50 vears of age 
with long standing bronchial asthma of 
allergic origin were encountered in this 
hospital, who suddenly failed tor 
spond to the usual anti-allergic regimen 
\dministration of mercuhvdrin by the 
subcutaneous route produced marked 
clearing of the pulmonary signs with 
dramatic relief ot the dyspnea Wm SeY 
eral hours. Thereafter, these patients 
were kept on a maintenance dose of 
this diuretic with considerable  im- 
provement of the asthmatic state. 

As a control, a series of 20 patients 
with straightforward allergic bronchial 
asthma, under the age of 40, were 
treated with 2 cc. of mercuhydrin 
subcutaneously during an acute asth- 
matic attack. No beneficial effect was 
noted in this group. 


Case Reports. Case 1. M. R., a 7l-vear 
old white male, was admitted to the Fourth 
Division Allergy Clinic on February 19 
1948, complaining of severe bronchial asthma 
and hay fever of 10 years’ duration. There 
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was no. family history hyper ensitivits 
Physical examination revealed ioderate 
dvspne i and cvanosis of the lips Phe chest 
was emphyse matous. and numerous rhonchi 
wheezes ind SOnOrOUS les Were udible 
Cardiac dullness was | ed to the left 
The heart sounds were f fair quality ind 

ott systolic murmur Was heard it the 
Iper The rhvthm was re lar. and the blood 


pressure Wis 175/90 The liver ind spleen 


were not palpabl nol ther 
eral edema 

Roentgen examination the hest li 
losed enlargement thie he irt thy 
transverse diameter d marked fibroid 
changes at the root f both hua Phi 
nasal SINUSES howed t t 
intral mucosa on Roent n-ra\ The electro 
irdiovram demonstrated right hundle brancl 
hlock 

the hemoglobin was 16.5) Phe whit 
hlood count was 7800 and the differential 

is normal Urinalvsi howed ifi 
sravitv of L014. with no albumin or sugar 
present Microscopic nation disclosed 


in occasional hyaline cast without am cellu 
lar clements 

Skin tests were strongly positive to dust 
ragweed, dog epithelium tobacco, pork, fis! 
ind cornmeal Antral puncture ind lavage 
vielded turbid fluid, but no organisms were 
obtained om culture 

Proper hyposensitization therapy and dict 
ontrolling the 
asthmatic symptoms — until November 18 
1948. At this time, there was a marked in 


crease in the pulmonary signs and symptoms 


were successful in idequ tel 


without any appreciable response to idrena 
lin and aminophyllin The neck veins were 
not distended; the liver was slightly enlarged 
and there was no evidence of edema \ 


cardiac factor was suspected and 2 cc. of 


1h) 
t] 
p 
\ 
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mercuhydrin was given subcutaneously with The next morning a 4 |b. weight loss 
marked improvement in several hours. There — was noted, with marked relief of the asthma. 
was a loss of 4 pounds in weight noted on Thereafter, he was kept on a maintenance 
the following day Thereafter, he was dose of mercuhyvdrin in addition to his 


placed on a maintenance dose of mercuhy- 
drin with relief of his asthmatic 

was a patient in the Fourth Division Allergy 


Clinic of Bellevue Hospital since 1938. His 


paroxyvsms. 


59-vear-old white male, 


hief complaint was bronchial asthma of 5 
vears duration. His past history disclosed 
ingina on effort, but no episodes of con 
restive failure. There was no family history 
of allergic disease. On physic al examination 
slight cyanosis and moderate dyspnea, with 


in emphyse matous type of chest were noted 


Cardiac dullness was enlarged to the left on 


percussion. ‘There were no murmurs, the 
rhvthm was regular, and the blood pressure 
was 120/68. The lungs were hvyper-resonant 
to percussion, and wheezes, rhonchi and 
sonorous rales were heard throughout the 


chest. The 
nd there W 


liver and spleen were not palpable 
no peripheral edema. Clubbing 


ft the fingers and toes was evident 


Roentgen-ray examination of the chest re 
ealed a normal cardiac silhouette ind 
interstitial changes and fibrosis of the lungs 
with blunting of the left costophrenic angle 
Phe lectr irdiogram showed an occasional 
entricular contraction with i 
horizontal type of heart and a= suggestive 
Id anterior wall infarct (inverted 
The urine, blood count, and blood chemical 
tuclic were within normal limits. Mazzini 
ind Wassermann tests were positive 

Intracutaneous tests were markedly pos! 
tive to dust, feathers, cottonseed, dog epithel 
ium, and inv foods Proper anti allergic 


dose s of 
Neuro 


well, with 


therapy was instituted and massive 


penicillin wer him the 
syphilis Department He did 


recurrence ot 


given 
very 
only an isional his asthma, 
which responded to epinephrin inhalation or 
On January 12, 


visit, he stated 


subcutaneously 
1949, during 


dre n tlin 


his usual clinic 


that for about 5 davs he was in continuous 
isthma. De spit his many visits to the Emer- 
gency Room for intravenous aminophyllin and 


subcutaneous adrenalin, his pulmonary symp- 
toms pe rsisted 

this time revealed 
slight 
The-heart sounds were of fair qual 
ity and the rhythm was regular. The blood 
pressure 110/70. The lungs were filled 
with sonorous and sibilant rales, rhonchi and 
neck veins were not distended. 
The liver was not palpable nor was ther 


Physical examination at 


d 


cVanosis 


dyspne a orthopnea and 


was 
wheezes. The 
ny peripheral edema 


mercuhydrin 
subcutaneously and intravenous aminophyllin. 


He was given 2 cé of 


anti-allergic with marked 
improvement 
Case 3. J. D. S 
was a patient in the Fourth Division Allergy 
Clinic of Bellevue Hospital since 1943 for 


severe bronchial asthma of 10 vears’ duration. 


regular regimen, 


a 68-vear-old white male, 


There was a family history of allergy. His 
past history disclosed many admissions to 
the wards of Bellevue Hospital for status 
asthmaticus. It was discovered that these 
attacks were ushered in by infection of the 


bronchopulmonary tree 

the clinic revealed 
evidence of emphysema with many rhonchi 
The heart was 


left on percussion, and no 


Physical examination at 


and sibilant rales in the chest 
enlarged to the 
murmurs were heard. The rhythm was regular, 
and the blood 170/90. The 
liver was not enlarged there was no 
evidence of peripheral edema. Clubbing of 
evident 
Roentgen-ray of the chest disclosed enlarge- 
ment of the diameter of the heart 
with interstitial changes and fibrosis of the 


pre ssure Was 


and 


the fingers and toes was 


transverse 


lungs. The electrocardiogram revealed left 
ventricular strain with an occasional 
mature ventricular contraction 

The urinalysis, blood count, Mazzini_ test 
for svphilis, and blood chemical studies were 
normal. Skin tests were positive for dust, 


rabbit epithelium, ragweed, egg white, chick- 
en and spinach Antral puncture and lavage 
vielded a clear fluid with few shreds, but on 
culture there was no growth of organisms. 

The patient was treated with dust, ragweed 
ind proper diet with control of his paroxys- 
mal asthmatic However, on October 
14, 1948, he presented himself with an acute 
asthmatic attack and stated that he had been 
to the Emergency Room of the hospital sev- 
eral times for intravenous aminophyllin with 
At this time, examination revealed 
cyanosis. 


SCIZUTCS 


no relief. 
marked 


There was lou wheezing an considerable 
rl loud wl g 1 lerabl 


dyspnea, orthopnea, and 
moisture in both lungs. Subcutaneous injec- 
tion of 2 ce. of mercuhydrin was given and 
on the following day he was considerably 
improved. A loss of 5 pounds in weight was 
noted, with clearing of symptoms. He was 
subsequently placed on maintenance mercu- 
hydrin therapy in addition to the usual anti- 
allergic regimen, with excellent control of his 
asthmatic state. 

Case 4. G. R., a 60-vear-old male, entered 
the Fourth Division Allergy Clinic of Belle- 
vue Hospital in 1943 for chronic bronchial 
asthma of 8 years’ duration. There was a 


—| 
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I lily history f asthma, but no history of 
inv ass ted allergic disorder 

Physical examination revealed noderate 
lyspnea with slight cvanosis. There was an 
ncreas¢ interior posterior diameter of 
the hest with diminished expansion of the 
bases here was slight enlargement of the 


heart to percussion. The heart sounds were 
f good quality, the rhythm was regular, and 
no murmurs were he ird The blood pressure 
was 210/110. Wheezes, rhonchi, and numer 


IS SOnOTOUS l | sibilant rales were he ird 
n both lungs. The liver and spleen were 
t palpabl There was no peripheral edema 
it lubbin ft the fingers and toes was 
present 

Che Roe tvenogram ot the chest showed 
fibroid nges in the roots of both lungs 
extending to the bases ind slight increase oft 
the transverse diameter of the heart The red 
blood nt was 5.5 million cells per cx 
with a hemoglobin of 15.1 gm There were 
7400 white blood cells per c with a normal 
lifferential 

Urinalysis { blood chemical studies were 


within normal limits. Skin tests were positive 


for dust, rabbit hair, dog epithe lium spina h 
pork, and lima beans. He was treated with 
the halants to which he was fouad sensitive 
ind the offending foods were withdrawn from 

s diet, with fairly good control of | his 


paroxysmal bouts of asthma. However, in 
December 1948, he became markedly dysp 


nel part larly at night ind the cougl 
ncreased. Re-evaluation of his status o1 


December 2 1948, indicated that from 
illergic point of view, there was no cl inge 


id so the possibility of an early left ventricu 
lar failure was entertained. He was given 2 


hvdrin subcutaneously with 
learing of his nocturnal dyspnea ind a loss 
r 4 pounds in weight. Thereafter. he was 
place l ona uintenance dose of mercuhy 
drit depending on his dry weight, with 


yulmonary signs and symptoms 

CasE 5. ( \ 1 64-vear-old white mal 
was admitted to the Fourth Division. Allergy 
Clinic of Bellevue Hospital in 1945. com- 


plaining of severe bronchial asthma and hay 
tever of 9 years’ duration. His past history 
disclosed angina on effort for many vears 


but no episodes of congestive failure. Ther 
was a family history of allergy 

Physical examination revealed moderate 
dyspnea but no orthopnea and slight cyanosis 
f the lips [he chest appeared emphys« 
matous with increase in the anterior posterior 
liameter. The heart was enlarged to percus 
$10n ind the lungs were hyper-resonant There 
was a faint systolic murmur at the base and 
the rhythm was regular. The blood pressure 
was 130/74. There were many rhonchi, 


WIDLITZ: 


wheezes and sonorous rales scattered through 
out both lung fields The liver and spleen 
were not enlarged and there was no periphet il 
edema 

Roentgen examination f the chest re 
vealed enlargement of the cardiac silhouette 
n the transverse diameter, with dilatation of 
the ascending aorta, and the lungs showed 
fibrosis and emphyset 1a. Roentgenograms of 


the nasal sinuses showed thickening of the 


NUCOUS membranes Phe electrocardic gram 
was typi il of left ventricular strain 

Che red blood count was 5.7 million cell 
per ce ind the hemoglobin was 15 gm 
There were 8400 white blood cells ind. the 
differential was normal T hie hlood chemi il 
studies serologic tests and urinalysis demon 
strated no tbnormalitic Intracutaneous tests 
were positive for dust, 1 veed, orris root 


k ipok pork, onion to { nd celery 


Witl proper diet | vposensit t 
therapy the asthma and Vv tever wer un 
der contr )] until Jan r’ ] 1949 \t thi 
time his pul iar t S DI red 
ind failed to resp & eated d if 
idrenalir ind uninopl nation 
lisclosed irked +} 
evanosis. There wer nv rhonchi and rales 
in both lung fields. The liver was not palpa 
ble nor was there pheral 
Subcutaneous inject of mercuhy 
drin was given. and t following dav 
i loss of 4% Ibs. in w tw noted in ad 
dition to msiderabl lit il improvement 
Thereafter, he was pla ed na maintenance 
mercuhvdrin therapy with control f the 
isthmati paroxvsms 

CasE 6. J. K . 72-vear-old white male 
was admitted to the Fourth Division Allergy 
Clinic of Bellevue Hospital in 1942, com 
plaining of hav fever of 530° vears duration 
ind bronchial asthma for 15 vears. There wa 
it family histor allergy There was 
historv of angina on exertion but no previous 

On physic i examinator dyspn ind 
cyanosis were apparent The chest was em 
physematous with flarin t the ribs ind 
fixation of the diaphrag s. Cardiac dullness 


was somewhat enlarged to the left. The heart 
sounds were distant, the rhythm was regular 
ind no murmurs were heard. The blood pres 
sure was 160/90. Many sonorous, sibilant 
rales and wheezes were heard throughout 
both lung fields. The liver and spleen were 
not palpable [he extremities revealed no 
peripheral edema, but clubbing of the fingers 
ind toes was present 

Roentgen examination of the chest disclosed 
enlargement of the heart to the left with 
fibrosis and emphysema of the lungs. The 


sinuses demonstrated thickening of the mu- 
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us membranes on Roentgen-ray examina- 


tion Phe electro irdiogram showed evidence 
of left ventricular strain 
His blood count was 5.5 million red cells, 


with a hemoglobin of 15.5 gm. The white 
blood cells numbered 7400 and the differ- 
ential was within normal limits. The urinalysis 
disclosed a specific gravity of 1.018 with no 
ibumin Or sugal and On roscopic 
tion no ellular elements were seen. The 
blood chemical and serological tests were 
me iti 
Cutaneous tests were positive to timothy, 
ragweed, dust, orris root, rabbit hair, chicken, 
reen pea nd bananas. Numerous antral 
puncture 5 reve tiled ho pus, nor were ther 
ur rganisms grown on culture from the 
slight exudate obtained. On proper hypoim- 
unization — the rapy and avoidance of the 
viptom producing foods, there was con- 
derable improvement. However January, 
1949, this patient complained of severe 
thma, particularly at night, and failure 


t respond to the 


usual drugs that formerly 


gave him relief. On re-examination there was 
no evidence of anv additional hype rsensitive 
factors, so 2 cc. of mercuhydrin was given 
ubcutaneously The next dav there Was a 
los { I in weight, with considerable 
mprovement of symptoms Thereafter, he 

is placed on maintenance mercurial therapy 
with amelioration of the asthmatic episodes. 


Comment. All 6 cases presented were 
whose from 59 to 

There family history 
ot hypersensitivity in 5 and an associ- 
ated 
Positive 


males ages varied 


was a definite 


allergic disease, hav fever. in 3. 
Intracutaneous tests to numer- 
elicited 
Pulmonary fibrosis and 
emphysema were present in all, and 
the duration of the bronchial asthma 
was from 5 to 15 years. Hypertension 


was apparent in 4 of 


ous inhalants and foods were 


every Case. 


and 
arteriosclerotic heart disease was pres- 


ent 


the cases 


in the entire group. The dyspnea, 
cough, wheezing and rales in the chest 
that reappeared in these patients while 
under therapy for their long standing 
bronchial asthma, might easily have 
been interpreted as a aided par- 
oxysm of the allergic asthma, especially 
since there was no past history of fr: ank 
failure. However, inasmuch 
as there was some evidence of cardiac 
the possibility of early left 


congestive 


disease, 


ATING 
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ventricular failure was entertained, and 
this led to the mercurial 
diuretic. 


use of a 


subcu- 
taneously in the gluteal region with a 


Mercuhydrin injected 


26-gauge needle without any discom- 
fort or pain. The patients were weighed 
before and after therapy in order to 
determine the dry weight and main- 
tenance dose* 

The control group consiste d of young 
adults between the ages of 25 to 40 
without any evidence of cardiac in- 
volvement. They fulfilled all the criteria 
necessary for the diagnosis of allergic 


bronchial asthma. They were weighed 


before and after mercuhydrin  injec- 
tions, and a a loss of 1 to 2% 


lbs. was noted in 24 hours, the asth- 
matic paroxysm was uni iffected. 

Left ventricular failure is frequently 
ushered in by a paroxysm: il acute dysp- 


nea generally occurring at night but 


sometimes during the day, either at 
rest or after exertion, lasting from 


minutes to hours and by 
cough, wheezing and a sense of sul- 
focation. On physical examination it 
closely allergic bronchial 
asthma which is considered to be a 
form of paroxysm: il dyspnea with signs 
sibilant and sonorous 


In the uncompli- 


resembles 


of wheezing, 
rales, and rhonchi*. 
cated case the history, the age of the 
patient, the Roe ntgen evidence of 
cardiac enlargement, the eleetrocardio- 
graphic manifestations of mvocardial 
dam ige, the demonstration of positive 
skin tests and the presence of eosino- 
phils in the bronchial secretions help 
to identify the correct etiology. How- 
ever. when both conditions exist simul- 
taneously, as in the above cases, these 
criteria are not very helpful. 
Considerable importance has been 
attached to the circulation time by 


Ungar'® and Plotz'’ in an attempt 
to differentiate cardiac failure from 
bronchial asthma. Many observers’ *: 
47.912 found it definitely elevated in 


2O4 


lett 
bronchial asthma per se. 
doubt that this test is a valuable aid 


in diagnosis, especially when both con- 


ventricular failure but normal in 


There is no 


ditions co-exist, vet occasionally, there 
may be a normal circulation time in 
early left ventricular failure and often 


it cannot be the 


performed at time 


most needed 

The therapeutic response to various 
drugs has been frequently emploved in 
the differential diagnosis of certain dis 
eases. The dramatic relief obtained in 
congestive heart failure by 


morphine 
is well 


known. 


In allergic bronchial 


asthma, however, it may be 


extremely 
dangerous, negating its potential diag- 
nostic value. It has been frequently 
stressed that the favorabl response of 
bronchospasm to adrenalin connoted an 
allergic etiology. Inasmuch as Plotz has 
shown that bronchospasm also exists 
in pulmonary congestion resulting from 
left ventricular failure and that it may 
also clear following the use of adren 
alin, this invalid. 
Aminophyllin, a powerful relaxer of 


smooth 


concept becomes 


muscle when 


given intrave- 
nously, controls both types of asthmat- 
ic paroxysms; hence, its use in the 
mixed type of case sheds little light. 
Digitalis is an excellent therapeutic 
agent in heart 
that a favorable response to it might 
indicate 


congestive failure so 
a cardiac basis. Yet, there are 
some cases of high output failure that 
uninfluenced by this cardiotonic 
drug, so that it cannot be used effec- 
tively in all cases. Mercuhydrin on the 
other hand, is a drug that is extremely 


are 


effective in all types of congestive fail 
Gold 


stressed 


have 
its importance and demon 


ure. and his co-workers" 
strated its usefulness not only in cases 
of frank congestive tailure but also in 
early left ventricular failure with min 
imal signs. Hence, a positive therapeu- 
use be of 


tic response to its may 


diagnostic value. 


GELFAND, 


WIDLITZ: 


The clearing of the asthma in the 
above 


the 


cuhydrin at a time when the previously 


described patients, following 


subcutaneous injection of mer- 
successful anti-allergic regimen failed 
suggested a cardiac etiology. This was 
supported by the fact that evidence of 
cardiac disease existed in all 6 cases 
and by the fact that the asthmatic par 
oxysm occurring in the control group 
without heart disease failed to respond 


to mercuhydrin. The cardiac failure 
with its resultant fluid retention and 
pulmonary edema may either have 


aggravated the allergic edema and ren 
dered it refractory to the anti-allergic 
therapy, or it may well represent a 
distinct bout of left ventricular failure 
not related to the pre-existing asthma 
Nevertheless, it that 


in allergic patients over 50 years of 


appears clear 


age in whom pulmonary and 
fail to 
proper hyposensitization 
therapy, the possibility of a cardiac 
factor must be considered and treated 
In such 


signs 
symptoms of bronchospasm 


respond to 


instances, mercuhydrin suc 
ceeds in clearing the pulmonary mani- 
festations of heart failure 


phy sical examination 


which, on 
cannot be 
tinguished from bronchial asthma 

Summary. lI. 
years ot 


dis- 


Six patients over 50 
age with long standing al- 
lergic bronchial asthma and _ positive 


skin 


fractory 


tests. who suddenly became re 
to anti-allergic therapy, are 
presented. 

9 


2. All of the patients had evidence 


of cardiac disease but no history of 
frank congestive failure. 

3. Subcutaneous injection of 2 cc. of 
mercuhydrin at the time of the recur 
rence of the 


clearing of 


asthmatic paroxysm 


caused the pulmonary 
signs and symptoms. 

1. A control group of 20 patients 
with uncomplicated allergic bronchial 
asthma whose ages varied from 25 to 
10 years were treated with subcuta 
neous mercuhvdrin without success 


CARDIAC FACTOR COMPLICATING BRONCHIAL ASTHMA 200 


5. The positive therapeutic response 6. Mercuhydrin was useful in the 
of the above cases to mercuhydrin in- recognition of a cardiac factor compli- 


dicated a cardiac etiology. cating bronchial asthma. 
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[ERRAMYCIN, vellow. cervstallin 
untibiotic isolated from Streptomyces 


rimosus, has been shown to exhibit a 
wide range of antimicrobial activitv?. 
This agent is available clinically in the 
torm ot the hydrochloride.® It may be 


] 
administe red 


orally or intravenously. 
and 1S relatively stable Over a wide 
range of temperature and pH 

The purpose of this report is to pre 
sent bacteriologic and pharmacologic 
investigations of terramvcin, and _ to 
summarize our experiences in the use 
of this agent in the management of 
infections commonly encountered on 
the medical and pediatric wards of a 
general hospit il 
Bacterial 
Sensitivity. Tests for bacterial sensitivity 


BACTERIOLOGK STUDIES 


were performed by means of a tube 
serial dilution method, using a 10-4 
dilution of an 18 hour culture. The 
results are shown in Table 1. 

The majority of the organisms tested 
were highly sensitive to terramvcin. An 
important exception occurred with E 
coli, in which 16 of 47 strains tested 
grew in concentration of 50 »gm. per 

We are indebted to Dr. Gladys L. Hobby 
in 


Jepart ent of Pediatrics 


Kinsy, M.D 


PROFESSO!I 


VASHING ON 


cc. or higher. No strains of B proteus 
Were tested and the only strain ot Ps 
whi h occurre d al mixed 
infection with E. coli, was inhibited by 
6.25 pgm. per c Bacterial resist 
ance developed during therapy in 4 
patients with urinary tract infections 
due to I coli 

PHARMACOLOGIC Serum ter- 
ramycin assays were performed in this 
laboratory by means of a serial dilu 
tion method, utilizing B. cereus as the 
test organism 

Terramycin administered orally was 
ibsorbed rapidly with the appearance 
of antibacterial activity in the serum 
within 1 hour of administration. No 
significant difference was noted in the 
serum concentrations when this agent 
was given to patients in the fasting o1 
the non-fasting state. Serum concentra- 
tions observed in 10 individuals after 
the administration of a single oral dose 
of 1 gm. are presented in Fig. 1. 

Most individuals attained a maximal 
concentration of 2.5 to 10 »gm. per 
cc. after 2 to 3 hours: this level was 


maintained for ahout 4 hours and 


of Chas. Pfizer & Co li for the terramvcin 


tl 
d 
1} 
re 
h 
) 
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thereatter the concentrations steadily 
declined so that 0.1 to 0.5 pgm. per 
cc. Was present at the end of 24 hours. 
Despite the presence of detectable 
amounts of terramycin in the serum 
for 24 hours, no cumulative effect was 
noted atte: repeated daily doses of 
gm. or atter the administration of 1 
gm. every 6 hours. Individuals who 
received | gm. of terramvcin every 6 
hours usually maintained blood levels 
of 5 to 10 poem per ce throughout the 


24 how riod 


\ satisfactory intravenous prepara- 
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10 250 
intravenously are presented in Fig. 


individuals who received m¢. 

Most individuals had a serum level 
at the end of 


| hour, and at 12 hours 1 to 5 »gm. per 


of 5 to LO pgm. per ce. 


cc. was present. 

Cumica MarertaL. A total of LOS 
cases was treated with terramycin. 
Twenty-eight of these had urinary 


tract infections, 38 had bacterial pneu- 
monias, 21 had pertussis, 6 had tonsil- 
litis, 


miscellaneous 


t bacillary dysentery, and 11 had 
infections including 1 


case of amebiasis, 1 of typhoid fever. 


tion of terramvcin has recently become and one of subacute bacterial endo- 
i\ tilable Phe serum concentrations of carditis. 
rABLI IN VITRO SENSITIVITY OF VARTOUS BACTERIA TO TERRAMYCIN 
Ini by Tn/ Inhibited by Inhibited by 
16-1 0) Greater Than 
0 \ Vo f \ tay \ Vo. of culture 
| 0 ) 25 16 
a 0 0 
0 0 0 
4 4 0 
| 
w Of 
<a 
> 4} 
O 
se 4 8 12 24 
HOURS AFTER ADMINISTRATION 
bi Serum terramycin concentrations after oral administration of 1.0 gm. 
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Urinary INFECTIONS. Twenty 
eight cases of urinary tract infection 
were treated with terramvcin. These 
mav be divided into several clinical 


groups for purposes of evaluating the 
effectiveness of the drug. In the entire 


group of 28, a good clinical responss 


5 
Was observed 24 


least 


and there was at 
temporary sterilization of — the 
urine in 20 patients. No patients were 
than | week afte 
that informa 


rate oft relapse IS 


tollowed tol More 
stopping terramvcin, so 
the 


aA\ il ible 


PER 


eeeee 


ROGRAMS 


Acute Infections Eight patie nts had 
tract 


acute onset of dvsuria, chills. fever, and 


upper urinary infections with an 


costo-vertebral angle tenderness. In 


bacteremia demonstra 


no case was a 

ted All S had an excellent clinical 
response, although in 2 cases urine 
cultures remained positive. In one, a 


9-vear-old girl with acute pveloneph- 


ritis caused by a terramycin sensitive 
strain of E. coli, a minimal bacilluria 
persisted. In the other, a 
male parapl gic with an indwelling 
catheter, th 


to terramycin prior to the rapy; acute 


9(0-vear-old 
organisms were resistant 


symptoms promptly subsided, but the 
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urine remained infected. In the remain- 
all of 


tive organisms, urine 


ing 6 patients whom had _ sensi- 
cultures obtained 
18 hours after the rapv were ste rile 


‘| hree 


urinary tract infections due to sensitive 


patients with acute lowe) 


organisms were treated, with an ex 
cellent clinical response but with pel 
sistence of a tew colonies of E. coli 
Im one patient in whom a marked de 
pression in’ terramycin serum levels 


resulted simultaneous amphojel 


administration 


Chronic Infections. Seventeen pa 
— 

MIN ATION 
r administrat 
tients were treated, of whom 5 had 
chronic pyelonephritis and 12 had 
chronic infections apparently localized 
to the lower urinary tract. 

Of the 5 patients with definite upper 
urinary tract involvement, the urine 
of 3 became sterile during treatment 


Of these 3 patients 2 were infected 
with sensitive strains of E. coli, and 
one with an E. coli Ps. aeruginosa 
mixed infection in which both organ- 
isms were terramycin sensitive. One 
patient with terminal uremia and 


chronic E. coli pyelonephritis failed to 
improve on therapy and one man with 


an enlarged prostate and urinary re 


* 
ot 
| 
4} 
| 
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with a chronic E. 
coli infection did not respond. The pa- 
tient with had a 
resistant organism which grew in more 
than 200 of terramycin per cc. 
before while the man with 
prostatic enlargment developed a_re- 


tention associated 


terminal uremia 
wom. 


the rapy 


sistant strain during treatment. 

Ot the 
fections localized to the lower urinary 
tract, 9 had 18 
hours after therapy was stopped, while 
in 3 patients with chronic E. 


12 patients with chronic in- 


sterile urine cultures 
coli intec- 


tions of whom also had advanced 


Olle 
cirrhosis, there was no improvement. 
Of the 9 who responded satisfactorily, 
7 were initially infected with sensitive 
organisms, while 2 patients were intec- 
ted with strains of E. coli which were 
resistant in vitro to 50 pgm. per cc. of 
terramvein before treatment. Of the 3 
who did not respond well, 1 was initially 
infected 


hile 


with a resistant organism 


another developed resistant 
organism during therapy. 


Method of The 


dosage of terramvein in adults was in 


Treatment daily 


ill cases 4 
The 


to 6 davs in 


given as 1 gm. every 6 


duration of treatment was 4 
24 of the 27 
while 2 patients received the antibiotic 
S davs. The 


t 9-vear-old white girl with 


hours 


adult cases, 


for 3 davs and tor 


child 


cute pve lonephritis received 250 mg. 


one 


Corie 


everv 4 hours for 5% davs. 


Bacteriologic Features of Urinary 


Tract Infections. Twenty-four single 
infections and 4 mixed infections were 
treated. Of the single infections, 23 


were due to E. coli and one was due to 
the paracolon bacillus; of the 4 mixed 
infections, 2 were due to E. coli plus 
to H. strep and 
Staph. albus, and one to E. coli and Ps. 
aeruginosa 

Of the 23 single E. coli infections, 15 
cleared completely with disappearance 
of pyuria and sterilization of urine, 2 


\. aerogenes, one 


improved satisfactorily although a min- 
imal bacilluria persisted, 2 improved 
clinically but cultures remained posi- 
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tive, and 4 were unchanged after 
therapy. One case of acute pyeloneph- 
ritis due to the paracolon bacillus re- 
sponded with urinary sterilization. The 
urine of all 4 patients with the mixed 
infections became. sterile, including 
that of the patient with the E. coli - Ps. 
aeruginosa intection. 

Pertussis. Twenty-one cases of per- 
tussis were treated in children varying 


> 


in age from 3 months to 7 years. Five 
of these had an associated broncho- 
pneumonia. The diagnosis of pertussis 
was made on the basis of epidemiolog- 
ical and clinical evidence, and lym- 
phocytosis on the blood smear, since 
inade- 
quate for the isolation of H. pertussis. 


Of the 5 patients with an associ- 


bacteriological facilities were 


ated bronchopneumonia, an excellent 
clinical in 2, 
while 2 patients responded only mod- 
erately severely ill 2- 
vear-old white male with an associated 


response was observed 


well, and one 
pertussis encephalitis was placed upon 
intravenous atter 
18 hours of oral terramyein therapy his 
His 
ilIness remained unchanged for 2 days. 
and thereafter slowly 
aureomvecin therapy. 


aureomvein, when 


condition continued to deteriorate 
improved on 


Of the 16 children with uncompli- 
cated pertussis, clinical 


response was observed in 12, while a 


an excellent 
slow response was noted in 2, and 2 
infants with severe paroxysmal cough- 
ing did not improve after 6 days of 
treatment and were then given aure- 
omycin with subsequent gradual clin- 
ical improvement. In the patients who 
received both terramycin and aure- 
omvcin, there was no definite evidence 
that the response to aureomycin was 
better than to terramycin. 

Method of Treatment. The daily 
dose of terramycin varied, depending 
upon the age and weight of the child, 
from a total of 200 mg. per day given 
in 4 divided doses in the youngest, to 
1.0 gm. per day given as 250 mg. every 
6 hours in the oldest patient. The ma- 


= 
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jority of the patients received 125 mg. 


every 4 or 6 hours, and were treated 
for 4 to 7 days, although one child was 
given the antibiotic for only 2 davs and 
one received it tor 14 davs 
bacterial 
treated 
adult 
patients with bacterial pneumonia were 
treated the 


terramvcin pr paration alone, or were 


PNEUMONIA. Twenty-five 


preumontas children were 


with oral terramvein. Thirteen 


either with intravenous 


egun upon mntravenous therapy and 
then continued on oral medication for 
he duration ot their 


course. The intravenous 


t therapeutic 


preparation 
Was emploved 
ate its 


in an attempt to evalu 


clinical  eftectiveness not 


because of the severitv of the disease 


Of the 25 pneumonias in children 
isolated from 


t prneumococcus Was 


>. and of the 18 adult pneumonia cases 


preumococc! were recovered and 
tvpe 1 in 9. There were no bacteremias 


Al 
in children, and there was | positive 


Type 12) in an adult. 
20 made 
striking 
clinical improvement within 48 hours 
otten hours. A 
striking observed in 
infants with a persistent bronchiolitis 
One 6-month-old 


blood culture 
Of the 25 pediatric Cases, 


uneventtul recoveries with 


ind within 24 less 
TeESponse 


Was 


infant with a severe 


bronchiolitis did not improve and was 
placed upon penicillin with subseque nt 
improvement. A 77-year-old bov with 
1 pneumococcal pneumonia who re- 
ceived 3% days of therapy responded 


well, but was readmitted 3 davs after 
discharges 


lobe 


with a relapse of his right 
pneumonia. A 
girl with pneumonia and pleural effu- 


lows r 5-vear-old 
Sion showed ho temperature response 
with terramvcin, or subsequently with 
penicillin and sulfadiazine. A loculated 
empyema was eventually drained, and 
no organisms were cultured from the 
pus. 

Of the 13 
idults. 10 prompt 
clinical and Roentgen-ray improvement. 
Three patients, one of whom had a 


bacterial pneumonias in 


responded with 


MOLL, 
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Type 12 bacteremia, 


pneumor OCC al 


developed sterile pleural effusions 


while receiving therapy and ran a 
more protracted but essentially uncom 
plicated course. 


\Viethod of Treatment 


peutic regimen for 


Phe 


children 


thera 
was the 
outlined for 


same as that previously 


pertussis. Patients received the anti 
biotic in a powder or as a cherry-fla 
vored elixir, usually for 5 to 7 davs 


Intravenous terramycin was 
the adults in 250 mg 


100 ce. of 5 


12 hours. Adults on oral therapy re 


given to 
amounts. dis 


solved In glucose every 
ceived | gin. pel day in | gm doses 
The majority of adult patients received 
either parenteral, or combined paren 
teral and oral, therapy for 5 days 
TONSILLITIS. Six ¢ ton 


ises ot At ute 


sillitis in children were treated for an 


average of 4% days. An excellent. r 


sponse was noted in all six within 48 

to 72 hours. with rapid subsidence of 

temperature and physical findings 
BACILLARY 


DyYSENTERY. Two cases 


of acute bacillary dysenterv in chil 
dren due to Flexner 7 vpe 2 and Ty pe 3 
organisms, respectively, were treated 


i marked clini 


cal improvement within 72 hours 


tor 9 davs and showed 
with 
disappearance ot symptoms ind 
bloody diarrhea. Two other individuals 
i child 
carriers of Shigella Tvpe 2 
treated. After 5 
therapy, repeated stool cultures were 


one an adult and one who wer 
Organisms 
were also davs of 
negative. 

total 
of 11 miscellaneous cases was treated 
Adults terramycin 


every 6 hours. while children received 


MIISCELLANEOUS INFECTIONS. A 


received |] m. of 


doses of similar magnitude according 
to weight. 
Amebiasis. A 52-vear-old white male 
with intestinal and hepatic amebiasis 
was treated with 4 
daily 


gm. of terramvcin 
for 9 davs. At the end of this 
time his stools were more formed and 
his liver less tender, although cysts and 
trophozoites of E. histolytica were still 


+ 
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present and his temperature elevation 


and hepatic enlargement persisted. 
Perramycin was therefore discontinued 
and he was begun upon other antiame- 
Shortly 


died of disseminated coccidioidomvyco- 


bic the rapy. thereafter, he 


sis. It seems probable that this accom- 


panving disease was an important 
factor in the relatively poor response 
of the amebiasis to terramycin, 
Subacute Bacterial Endocarditis. A 
5l-vear-old) colored) male with sub- 
acute bacterial endocarditis due to 
Strep viridans was treated with 4 gm. 
of terramycin pet day tor 14 days. 


Daily blood cultures were positive for 
9 days after therapy was begun, and 
thereatter were negative. The temper- 


iture was normal after 5 davs of treat 
ment, but he remained listless, anor 
exic, and nauseated while receiving 


terramvein. Terramvcin was therefore 


discontinued and he has made a fa- 
vorable re sponse to penicillin therapy 

Pyphoid Fever. A 52-vear-old white 
male plumber, moderately ill for one 
Wee k blood and 


stool cultures positive for S. typhosa. 


was found to have 
a total of 65 em. 
After 3 davs 
his temperature became normal. and 
blood and stool cultures taken on the 


Tth das His 


relapsed 10 davs after therapy 


He was treated with 


of terramvcin in 16 davs. 


were negative. disease 
Was 
compl ted. and he was re-treated with 
{ gm. of terramycin per day for 17 
davs. He again made an excellent re- 
sponse, and has remained well. Stool 
cultures have remained negative dur- 
ing a follow-up period of 2 months. 
Mumps. Two patients with mumps, 
both with an associated orchitis, were 
given 4 gm. of terramvcin per dav for 
t and 5 davs respectively. Parotid and 
testicular tenderness and swelling sub- 
vy during therapy, but 
evaluation of these results is difficult 
in view of the variable course of the 


sided promptly 


disease 
Infectious Mononucleosis. A 23-vear- 
old male with infectious mononucleosis 
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was ill with a high temperature for 2 
weeks despite therapy with penicillin 
and ' His temperature 
returned to normal within 24 hours of 
Here again this 
may have been a coincidence. 
Gonorrhea. One patient with acute 
gonococcal urethritis marked 
symptomatic improvement within 12 
hours after receiving 1 gm. of terramy- 


chloromycetin. 


starting terramycin. 
showed 


cin. He was given another gram the 
next day, and cultures thereafter were 
negative. 

Diphtheria. One patient with diph- 
theria requiring tracheotomy re- 
ceived terramycin for 10 days as well 
as antitoxin. Cultures following therapy 
were negative. 

Bronchiectasis. A 
with 


65-vear-old) man 


chronic bronchiectasis received 
$f gm. of terramycin daily for 6 davs. 
and noted dramatic subjective relief 
with a marked diminution in the 
amount of his sputum after 3 days. 
Lung Abscess. In a 45-vear-old man 
with a large lung abscess, there was 
a marked sputum and 
svmptoms following the administration 
of 16 gm. of terramvein in 4 davs. He 
later other 
the cavity 
weeks. 


Erysipelas. 


decrease in 


and 
within 3 


received antibiotics, 


abscess closed 
\ man with erysipelas 
exhibited a striking improvement with- 
in 24 hours after therapy was begun, 
and recovery was complete within 5 
davs. 

Discussion. It is apparent from these 


studies that terramycin possesses a 
wide range of antibacterial action 
against many of the more common 


gram-positive and gram-negative path- 
ogens. The antibiotic is usually admin- 
istered by mouth, although an intrave- 
nous preparation has recently become 
available. As with aureomycin, ab- 
sorption from the intestinal tract is 
incomplete; blood levels observed fol- 
lowing oral administration are similar 
in magnitude to those attained by the 
injection of only one fifth to one tenth 


_| 


as much intravenously. Toxic reactions 
to the drug taken orally are uncommon 
and rarely severe: they consist of 
nausea, vomiting, and diarrhea. Toxic 
manifestations did not occur in the 
10 patients in our series in whom the 
intravenous compound was employed 
With both oral intravenous 
routes, terramvcin blood levels are 
similar in magnitude to those obtained 
with aureomycin, and are considerably 
lower than those observed with chlor- 
amphenicol. This is of interest in view 
of the tact that aureomycin deteriorates 
rapidly, whereas terramycin is  rela- 
tively stable. It would appear that 
terramycin and aureomycin are ex 
creted at approximately the same rate 
and that chloramphenicol is eliminated 
trom the body somewhat more slowly 
ln patients who received | gm. of ter 
ramvein orally, significant amounts 
remained in the serum after 24 hours 
There was no cumulative effect with 
the prolonged administration of 1 gm 
each day, or at intervals of 6 hours. 
Results obtained in the treatment 
of urinary tract infections with ter- 
ramycin illustrate many features pre- 
viously observed with aureomycin and 
chloramphenicol. Almost all of the pa- 
tients manifested decreased pyuria and 
bacilluria during the period of chem- 
otherapy, whether or not urinary steril- 
ization was obtained. In the presence 
of anatomic obstruction, foreign bodies 
or chronic infection, relapse following 
initial improvement was common. This 
is not surprising in view of the fact that 
terramvycin is primarily bacteriostatic 
in its action. It is of interest that in 
the present series terramycin resistant 
strains of E. coli, which grew in 50 
gm. per cc. or more, were recovered 
from 5 of 28 patients prior to therapy 
In addition, in 4 patients resistance 
developed during the course of ther- 
apy. Development of bacterial resist 
ance has also been recently described 
in the treatment of some patients with 
urinary tract infections with aureomy- 
cin and chloramphenicol'. Most strains 
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of B. proteus and Ps. aeruginosa have 
been found to be resistant in vitro to 
terramvcin, as well as to aureomycin 
and chloramphenicol The one. strain 
of Ps. aeruginosa encountered in the 
present study was quite sensitive in 
vitro, and the patient responded well 
to therapy 

The response 1 IS of the 21 cases 
of pertussis indicates that terramyvcin is 
effective in diminishing the severity 
of this disease, and in controlling the 
pulmonary complications which — are 
occasionally severe and be fatal 
These results with terramycin are in 
all respects comparable to previous 
therapeutic experience with aureomy 
cin or chloramphenicol 

The results obtained in bacterial 
pneumonias in children and in adults 
indicate that terramvcin is an eftective 
therapeutic agent in this disease, and 
produces clinical improvement com 
parable to that seen with penicillin 
aureomycin, or chloramphenicol. The 
results in a patient with bronchiecta- 
sis suggest that terramycin is of benefit 
in controlling acute exacerbations, and 
mav be of value in diminishing chronic 
pulmonary symptoms 

In the group of miscellaneous dis- 
eases treated, it would appear that 
the antibiotic is an effective agent 
in the chemotherapy of acute tonsil 
litis, acute lung abscess, acute and 
chronic bacillary dysentery, acute gon 
ococcal urethritis, and erysipelas. The 
patient with typhoid fever appeared 
to respond as well to terramycin as the 
majority of cases do to chlorampheni- 
col. However, conclusions concerning 
the relative effectiveness of the two 
antibiotics can obviously not be made 
on the basis of one case. In the patient 
with subacute bacterial endocarditis 
blood cultures remained positive for 5 
days after terramycin was begun, al 
though the patient improved clinically. 
[t is probable that the bacteriostatic 
action of terramycin will render this 
antibiotic less effective in the eradica- 
tion of this infection than penicillin, 
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| 
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which causes actual killing of bacteria. 
Contrary to elsewhere®, 
results in oul patients with amebiasis 


experience 


were relatively poor. Clinical improve- 
ment in 2 patients with mumps and |] 
with infectious mononucleosis indicates 
the 


antibiotic in the therapy of virus intec- 


need for further evaluation ot this 
tions in general 

Conclusions. 1. One 
hundred and eight cases of infections 
the adult 
and pediatric medical wards of a gen- 
eral hospital were treated with terra- 


Summary and 


commonly encountered 


On 


mycin. Adults received of 
terramyein orally every 6 hours. and 
children were given doses of similar 
magnitude according to weight. Ten 


idults with pneumonia received 250 


me. of an intravenous preparation 


twice a day. Toxic reactions. consisting 


of nausea and loose. stools 


vomiting 
in- 
to 


were and in only 


one 


stance were they severe enough 


require discontinuing the drug. 
? Blood le vels oft 25 to 10 ugin. per 
cc. were maintained for 6 to 8 hours in 
idults after the oral administration of 
thereafter thev declined, with 
levels of 0.1 to 0.5 pgm. per ce. remain- 
ing in the majority of patients after 
24 hours 
to 10 per 
Levels of 5 to 10 per ce. 
present | hour after the administration 
of 250 the 


pound and after 12 hours. 1 to 5 uem 


gm 


Patients who received 1 gm. 
6 hours maintained levels of 5 
gm throughout the dav. 
nem. were 


mg. of intravenous com- 
per cc persisted. 

3. Clinical improvement was noted 
in 24 of 28 patients (85%) with urinary 
tract infections, and there was at least 
sterilization in 20 
Resistant strains of E. coli were 


temporary urinary 
71% 
isolated from 5 patients before therapy. 

We are 


ssistance 


indebted to Miss Betty O'Leary 


and Mrs 
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In 2 of these patients, urine cultures 
were sterile after treatment; in 1 there 
was marked clinical improvement but 
bacilluria persisted, and in 2 there was 
no improvement. In addition, 4 patients 
developed drug resistance during treat- 
ment. No infection with B. 
proteus were treated, and 1 patient 
with a Ps. aeruginosa had a sensitive 
organism in vitro and responded well 
to therapy. These results are compar- 
able to obtained with other 
antibiotics and are influenced largely 
by 


cases of 


those 


factors as determine cure 
with these other agents. 

!. Eighteen of 21 ( 867 ) 
with pertussis responded to terramvecin 
with 
these had an associated bronchopneu- 
monia, which cleared in 4. These re- 
sults indicate that terramycin is as 
eflective 


the same 
children 


clinical improvement. Five of 


an agent in the therapy of 
pertussis as chloramphenicol or aure- 


Favorable 


in 22 of 25 


results were observed 


pneumonias in children, 
and in all of 13 adults with bacterial 
pneumonias. 

6. Favorable noted 


responses were 


in patients with bacillary dysentery, 
tonsillitis. ervsipelas, and bronchiecta- 
sis. A patient with typhoid fever had 
to 


both during the initial attack and dur- 


an excellent response terramvecin, 
ing relapse. In 1 patient with subacute 
bacterial 


with 


endocarditis, and another 
definite 


provement was noted, although in both 


amebiasis, clinical im- 
instances it was necessary to change 
to other chemotherapeutic agents. Two 
patients with mumps complicated by 
orchitis, and one with infectious mon- 
onucleosis, improved promptly when 
terramvein was administered. 


Frances Roll for their valuable technical 
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CONFUSING 


A. Got 


Jouan W. | 
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I O termaster Climatic Rese 
Medical Depart 
THE disease entity intectious mono- 


leosis 


ias been defined bv the triad 


of a peculiar hyperplasia of the lvm- 
phoid system®, the presence of circu 
ating abnormal lymphocytes! and 
he appearance in the blood serum of 
gglutinins for sheep cells which are 


tbsorbed by ox cells but not by guinea 


kidney 


pig The subject has been 
extensively reviewed However, th 
Clear cut entitv is surrounded bv an 
ura of findings which raise questions 


hat t 


Titus 


] 


remain unanswered until the 


ul 


¢ igent is discovered and more 


is known regarding the host respons 


to this agent. The manifestations of the 
cisease are an, and. although such 


com lic as elec troc ardiogra 


changes 1 central nervous svstem Ol 

Imonat nvolvement** are generally 
ecognized. the asvmptomatic form of 
the disease has been little stress¢ d. and 
t is in this realm that diagnostic con 
rusion irises This paper desc ribes 
vhat m be considered a “subclinical’ 


( pide mic and 


reviews other such epi 


Ti sti 


iddition, certain diagnostic 
difficulties 
the finding of the abnormal mono 


pro associated 


} 


il 


wit 
1] 


nuclear cells are discussed. 


Materials and Methods. A program wa t 

to st p ble hematological changes 

t} old exposure In men iged 

) 5 transported to a field labora 

Chu Manitoba Canada, from 
Quarter ter Climatic Research Laboratory 
Lawre Massachusetts, during the win 
*Press Addre Sloan—Kettering Institut 
**Present Address: Mavo Clinic. Rocheste1 
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prHWAIT, M.D 


AND 


MASSACHUSI S 
Laboratory | 
ent, | S \r 
ter ot 1947-48. The I ft al I 
onuclear Ils i the blood fil 
nsistent with those s« wecti n 
nu OSIS, PI npted | | rvat f tl 
tire roup for any I 
Blood films were take t t 
vartures from | 
twee! October 1) hy 
intervals of at least o7 tl | t] 
winter until they all ret to Law t 
the end of March. When the wid 
iran ot abn TT ial t 
roup, blood films wer the tot! 
bers of tl February 16-18 
se were repr te embe 
init remaining at Chur Mar 
ind on tl e mer ret 
Lawrence on either Apr 2 r | ) 
Simultaneously total | t t id 
heterophile agglutinati | 
Che blood films on « DS Wel 
ith Wright's stain in t nvent 
ner. Difterential unt the lin 
ises were made by Dr. R. W. Hei Lah 
side. Hospital, Cleveland, O Heteronhitl. 
iglutination tests wer rm rmed by Dr 
Feller (Lakeside H pital the 
technique employed by tl Ameri Publ 
Health Association! 
Results. At some time during the 
winter every member of the 


group 
cells 
ind the series is divided into 5 clinical 
The clinical 


included 1 with hepatomegaly 


showed abnormal mononuclear 


and 21 subclinical cases 


CaSES 


jaundice, splenomegaly, and positive 
heterophile agglutinins, and 4° with 
negative agglutinins and minimal 


symptoms. These cases are summarized 
in Tables 1 and 2 and Figure 1. Spleno 
megaly lym- 


hepatomegaly, jaundice 
| 


New York 
Minnesota 


| 
— 
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DATA IN CASES OF INFECTIOUS MONONUCLEOsIS WITH CLINICAL SYMPTOMS 
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/ } 
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\ ) 
pi 
lapse 
De Neg 
Ja 12 Neg 
ding 
relap 
ket ( ( New 
\l New 
—E A 
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| ABNORMAL LYMPHOCYTES 
SYMPTOMATIC ; PERIODS 
ARRIVAL AT CHURCHILL 
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n | | 
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| 
| | | 
ASE D 
| | 
it Ui 
| | 
CASE E 
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Potal lymphocyte counts in symptomatic cases of infectious mononuc leosis. 
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phadenopathy, rashes, and pharyngeal 
inflammation were sought for in all 
cases, but found only as noted above 
and in Table 1. All men were asvmpto- 
matic tor 6 months before arrival at 
Churchill, and all denied a past history 
of infectious mononucleosis by name 
and symptoms. On blood films, the 
majority of the cells fell into the 
Downey!” classification of tvpe and 
type II, with some variation in the 
characteristics that made it impossible 


rABLE 2.) LEVELS OF ABNORMAL ¢ 


AIT, ELIOT: 


type of hyperplasia by node biopsy is 
in most instances unnecessary and ex 
cessively drastic. Also, as abnormal 
mononuclear cells may appear in the 
absence of demonstrable hyperplasia 
the first criterion is of no value’ in 


equivocal cases 


The second criterion for diagnosis is 


the presence of abnormal mononuclear 
cells. These cells have been described 
frequently in other diseases, the most 
clear cut of which is infectious hepati 


ELLS IN 21 ASYMPTOMATIC CASES 


OF INFECTIOUS MONONUCLEOSIS 


Ws ( ( 
S500 8.450 
000 
H 6.800 10.100 8.2500) 4 
| 7.500 7.050 20 
J 12,000 8.900 1O.100 10 
AK 8.500 9 400 6.500 Is 
/ 12.400 10.100 9.200 17 
V 9 200 9.350 7.950 Is 
\ 9 300 12.650 12.500 17 
7.300 12.050 19 
P 7.800 §.450 
IS.500 5.700 &. 200" 15 
6.400 5.900 9 100" 
/ 10,400 7.450 9.500 
12.800 12.700 25 
10.600 | 
200 8.550 10.200 12 
\ 7.700 6.550 S.600 2 
} 11.700 7.200 11 
Paken on 
to classify all of them definitely in one 
or the other group. A small percentage 


of cells containing nucleolus-like struc- 
tures and of larger diameter, can be 
classified as type III of Downey, and 
there were a few large, dark-staining 
cells of striking appearance, of a type 
seen in this disease, resembling plasma 
cells?" 

Discussion. In examining the criteria 
of diagnosis on which the disease 
entity infectious mononucleosis is 
based, it is at once obvious that the 
first, reticulo-endothelial hyperplasia as 
judged by history and physical exami- 
nation, is non-specific. Definition of the 


\ Ly } I ( 
) 13 IS 
i) tt) 23 0) s ( i) 
1.3 
) 1.5 65 14 
11.5 
10.5 12.0 
0 17.0 1? 
0 5 Is 0 iis 
0 2 5 4 5 
12.5 GOO 0 
l } 0 
) 11 Is Is 0 
Jerre 
tis?--"-"-31 where in the experimentally 
produced the cells generally 


appear during the first week. Likewise 
the appearance ot these cells 1th mnie asles 
and German measles! has been fre 
quently noted. These findings suggest 
that the abnormal mononuclear cells 
are a non-specific response to varying 
stimuli. When associated with the 
other 2 criteria in the triad (reticnlo 
endothelial hyperplasia and a positive 
heterophile agglutination) the abnormal 
cells offer no diagnostic problem. How 
ever, when found alone their signifi 
cance becomes less well defined. 

The third in the triad of criteria is 


<Q 
l 

i 
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the positive heterophile agglutination. 
The value of this test when positive 
but a negative 
used to exclude 


is undisputed result 


cannot be infectious 
mononucleosis. In reviewing the liter 
ature on this serological technique 


Kaufman 


ot cases 


noted that “the percentage 
with positive agglutination 
13 to 100%”. 


accounted for by 


tests varied from 


These 
discrepanc ICS are 


differences in techniques ot recording 
dilutions, by time factors, end points, 
and For 
example, Barrett® obtained a frequency 
distribution 


frequency — of sampling. 


curve of agglutinin titers 
in normal individuals significantly dif 
ferent from that obtained by Stuart*” 
using the same technique. | Also, the 
diagnostic the 
lead him to exclude cases solely 
they do not 
heterophile 


criteria of investigator 


because show 


positive 
this 


Himsworth!* reported case 


agglutinins. In 


con- 
nection 
in which significant antibody titer did 
not develop until 10 weeks after the 
onset of the disease. 


He nce 


ot 


if the criteria for the diag- 
infectious mononucleosis are 
reticuloendothelial hyperplasia, abnor- 


mal and 


circulating cells, a positive 
heterophile agglutination, many path 
ological pictures appear which cannot 
be classified. The frequency of nega- 
tive heterophile agglutination has been 
pointed out. The occurrence of only 
abnormal cells is not infrequent and 
introduces another aspect. 
“Subclinical infectious mononucleosis” 
is a diagnosis which has been made 
when, in the absence of clinical symp- 
toms, abnormal mononuclear cells with 
or without a_ positive 


heterophile 
agglutination are 


These in- 
associated with 
clinical cases in the population. If one 
that 


Cases 


noted. 
stances are generally 
assumes the agent causing the 
as defined by the triad, 
also causes those with only abnormal 
cells, then the group of cases described 


overt 


above could be considered an epidemic 
of subclinical infectious mononucleosis. 
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Table 3 presents a résumé of the sub- 
clinical epidemics reported in the liter- 
ature. It is of interest to note that in 
the above described series there were 
no positive heterophile agglutinations. 
Stevenson?", using the Davidson tech- 
nique and considering titers over 1:56 
as positive, found 6.8% of his cases 
positive. \Meer?! found 17.6% with titers 
greater than 1:56. Halcrow'®, on the 
found S7% titers of 
greater, using the Paul-Bunnel 
technique. From the above facts we 
conclude that entity 
which in our present ignorance we call 


other hand with 


1:32 or 
may exists. 
subclinical infectious mononucleosis. 
The relation of subclinical to clinical 
cases is confusing, and in this vein it 
is interesting to note the latent period 
between the appearance of abnormal 
cells and the onset of symptoms. In 
the above series, in case A, this interval 
was at least 30 davs: and in the other 
milder cases the interval varied from 
31 to 131 days. Halerow'® and Immer- 
man'® mention the delayed appearance 
the latter ab- 


of symptoms, 
normal cells “weeks or more” before 


noting 


in contrast to the 
usual description of the disease pic- 


the onset. This is 


ture. in which the rise of abnormal 
cells occurs on the 4th or 5th day of 
illness”. and in severe cases it has 
been noted that the appearance 


of abnormal cells may be longer 
delaved™?. 

The latent period between cells and 
symptoms suggests the possibility of 
an agent-host relationship which is 
disturbed by external factors to pro- 
duce clinical symptoms similar to the 
relationship which has been described 
for herpes simplex’. However, no cor- 
relation between appearance of symp- 
toms and degree of physical stress or 
exposure to cold could be made, nor 
was percentage or absolute number of 
index of value in 
predicting which cases would progress 
from an asymptomatic to a sympto- 
matic stage. In a large population, this 


abnormal cells an 
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tvpe of widespread subclinical infec 


tion might explain the sporadic clinical 
CaSCS 

In addition to the appearance of cells 
it 


is known that they may persist long 


he rore 


anv clinical sy mptoms 


after s\ mptoms have subsided. Farley! 
| 


has described abnormal mononucleat 


cells present in the peripheral blood 


for 10 vears after the initial “infection’ 

rABLI RESU OF SOME PREVIOUSLY REPOR' 
IN WHICH THERE WERE APPARENTLY 

\ 

H 

I \ 

\\ 

i 

H 


Thus, the non specificity of the cells 
the subclinical aspects, the occasional 
appearance of cells long before symp- 
toms, and the persistence of cells long 
ifte1 make of 


evaluation 
the reports in the literature of sporadic 


symptoms 


appearance of abnormal cells in various 


diseases impossible! 5,6,8,13, 25,26,27 

It is thus evident that one cannot 
be dogmatic in defining criteria for 
diagnosis of the disease process, “infec- 


tious mononucleosis’, when the etiolog- 


ical agent is unknown and the agent- 


AIT, ELIOT. 


host relationships ire not understood 


Summarv. |. mild clinical and 
subclinical epidemic most probably ot 
intectious mononucleosis Wb a detach 
ment of men sent to the = arctic 1S 
report d. All 26 men showed abnormal 
mononuclear cells in their blood, while 
only 5 developed svinptoms sufficient 
to classifv them as clinical cases and 
only l had a positive heterophil 
ED EPIDEMICS OF INFE! MONONUCLEOSIS 
NUVEROUS ASYMPTOMATIC CASES 

) 
( Net 
Ft. I 


agglutination together with liver dam 
Abnormal mononuclear cells were 
30 to 13 


age, 
noted 1 davs before the onset 
of symptoms in the 5 clinical cases 


The 


for the diagnosis of infectious mononu 


9 


3 generally iccepted criteria 


cleosis (reticuloendothelial hy perplasia 


abnormal mononuclear cells, and a 
positive heterophile agglutination ) are 
not always encountered together in 


symptomatic and asymptomatic indi- 


viduals. The non-specificity of the cells 
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IS pointe d out, as well as the variability appearance of the cells before and per- 


of the heterophile agglutination test. sistence after symptoms. 

3. The presence of only abnormal t. Only when more is known of the 
cells is discussed in terms of the non- etiological agent and the agent-host 
specificity of the cells, subclinical epi- relationships will infectious mononu- 
demics (literature reviewed), and the cleosis be a well defined entity. 
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by the Medical Service. G1 


DHE first re port of a study of ervthro 


cvte sickling in Philadelphia appeared 


INCIDENCE OF 


ARDIOVASCULAR 


duate Hospit il 


SICKLING 
M.D." 


DISEAS SEC 


PENNSYLVANIA 


ot the Universit msviva 
more significant figure for the = inci 
dence of ervthrocvte sickling in this 


in 1935°. Using the test tube meth area. The literature was reviewed and 
od ot LOO Ne GTOeS tested 13 we>re the idence sickling In other 
positive (inc idence, 13% . This percent regions Was compiled 
age was higl | 
ligher than that found in Method. Th 
most areas of this country \ study nd Waugl Was 1 | After 5 inute 
therefore Was mace ot Negro with a rubber band about the patient's fin 
clinic and hospital patients at th d and pricked. A’ small 
rop blo vas ft \ slip 
Graduate Hospital of the University of | 
vhich was pl | ly dow flat 
Pennsvlvania in order to determine a lid 1] | t t] 
TABLE 1 ERYTHROCYTE SICKLING IN THE NEGRO POPULATION 
OF THE UNITED STATES* 
) ! / \ \ 
ke G 100 | 
1926 ( & Le Michi 
1927 | renee Tennesse 100 ) 0 
1927 Miyamat: & Missou ) 6.3 
Kor 
1928 +} Lou na 60 
1928 Fosenhes Marvland 250 6.4 
1928 Wi & New Yorl 150 87 
iN 
1929 | New York >| 
1929 Dolg Stitt New York 7% } 
0 (;rahat & Ala ma J 
MeCarty 
1932 Br Tex 00) oo 
1933 Diggs et Tennesse 2539 an 8.3 
1933 \hmann Flordia O74 bo ro 
1935 Beck & Hertz Pennsylvania 100 1S 13.0 
1936 Killingsworth & lexas 1205 
Wal 
1936 Hansen Pruss North Carolina 100 14 14.0 
1937 Cardoza Illinois 1263 119 9.4 
1937 Johnson & South Carolina 19 9 
lownsend 
1941 Pomlinson West Virginia 275 IS 6 
1943 Ogden Louisiana 692 6.05 
1948 Watson ef New York 226 IS s 0 
1949 Margolies Pennsvivania 1000 i2 
Potal 14,183 Total 1048 Mean 25 
In Watson's study®* of the paucity of sickling in newborn infants, sickling tests were done on 226 
nsecutive newborn infants and their mothers. We have included here the incidence in adults. but have 
ed the studies on infants The inclusion of both would make one group reflect the other 
Portio1 f thesis submitted to the faculty of the Graduate School of Medicine, Universit 
t Pennsylvania, in partial fulfillment of the requirements for the degree of Master of Medical 
science in Internal Medicine 
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MARGOLIES: 


atter 


cove! slip Were 


out pressure which the edges of the 


rimmed with  petrolatum 


Iwo to 3 preparations were made for each 
patient; those with air bubbles were dis 
carded The sealed drop preparations — re 
mained at room temperature and were ex 
unined under high-dry magnification of the 
microscope at 24, 48, and 72 hours. Sickling 


was reported is positive 
ell distortions and long 


were observed 


when typic al sickle 


tapering filaments 


Results. Sickling was demonstrated 


in 72 of the 1000 patients examined, 


showing an incidence of 7.2%. Only 2 


INCIDENCE 


SICKLING 271 
Discussion. All of the incidence 
studies of sickling in the Negro race 
and its crossbreeds were reviewed. Of 
the 14.183 Negroes tested in the United 
States, 1043 showed positive sickling 
an incidence of 7.25% (Table 1 
In Africa, of S668 Negroes tested, 962 
were positive—an incidence of 11.14% 
(Table 2). In Central and South 
America, of 9016 Negroes tested, 86] 
(9.55%) were positive (Table 3). Total- 
ling all the studies done in the world 


(Table 4), 


tests 


of 31,867 Negroes examined, 


of this group were found to have 2871 were positive—an overall inci- 
sickle cell anemia. dence of 9.01%. 
TABLE 2.* ERYTHROCYTE SICKLING IN THE NEGRO POPULATION 
OF CENTRAL AND SOUTH AMERICA 
Tnvrestigato Location Vo. tested Vo. positive 
1934 da Castro* Brazil SO 11 12.8 
19830 Chediak ef a Cuba 7 10 5.9 
1948 Mera Colombia 4 
19438 de Mendonca Brazil 703 68 
1944 MeGavack & Honduras 0 
Crerman 
1945 Pomlinson” Panama 246 8.2 
1945 da Silva Brazil 1180 130 100 
1946 Calero Panama vil 51** 13.8** 
1947 Boturao & Brazil 204 20 
Boturaot 
1949 Van der Sat Prinidad 2499 267 10.7 
Total 9016 Total 861 Mean 9.55 
264 negroes SS negroes negroes 
106 mulattos 18 mulattos 6 ‘ mulattos 
162 negroes 14 negroes S 6 negroes 
182 mulattos 6 mulattos 1.3 mulattos 
PABLI ERYTHROCYTE SICKLING IN THE NEGRO POPULATION 
OF AFRICA 
} ly ! Location Vo. tested Vo. positive 
44 Evat West Africa 56] 112 19.0 
44 Reid West Africa 100 13 13.0 
45 Altmant South Africa £08 l O25 
46 Findlay f al West Africa 5500 GS2 12 4 
47 Beet Rhodesia 2104 154 zs 
Total S668 Total 962 Mean 11.1 
rABLE 4 ERYTHROCYTE SICKLING THROUGHOUT THE WORLD 
Location No tested Vo positive al) 
United States 14,1838 1048 7.25 
Africa 8.668 962 11 1 
South and Central 9.016 861 9.55 


America 


Total 31,867 Total 2871 


Mean 9.01 


ola MARGOLIES: THE INCIDENCE OF SICKLING 


The lower incidence of the sickling versity of Pennsylvania revealed an 
phenomenon in Negroes in the United incidence of 7.2%. 
States as compared with the studies 2. A review of all the available 
done in Central, South America and reported studies on the incidence of 
\frica, may be due to the less pure erythrocyte sickling reveals = oe 
strain of Negro blood found in. this dence of 7.25% in the United States 
countr\ 9.35% in Central and South America, 
and 11.1% in Africa, resulting in a 
world incidence of 9.014 


The incidence of 7.2% found in 


Philadelphia compares favorably with 3. The less frequent occurrence of 


sickling in the United States as com 
pared with Central and South Amer 

Summary. 1. Sickling tests done on jca and Africa may be attributed to 
1000 Negro in-patients and out-patients the less pure strain of Negro blood 
at the Graduate Hospital of the Uni- found in this country 


the overall incidence of 7.25% for the 
United States. 


The author gratefully acknowledges the helpful advice and criticism given by Dr. Lawrence ' 
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torulosis is almost always 
fatal. since there is no effective rem- 
edy. The disease is caused by a veast- 
like fungus, Cryptecoccus neoformans, 
which characteristically produces men- 
ingitis. The organism is inhibited in 
vitro by numerous substances which 
are either ineffective in vivo or are too 


toxic for chemotherapeutic use-. 


Since among common laboratory 


inimals the rabbit alone is not suscep- 


tible to infection, Kuhn suggested that 
the higher body temperature of the 
rabbit (102 to 104° F.) was unfavorable 
for the multiplication of the organ- 
isms’. In support. of this hypothesis, 


Kuhn reported that when cultured 
at 39.4°C. the 
killed, but at 


most cells were 


vitro organisms were 
10.6°C. (105°F.) 
dead within 24 hours. 
Kligman and Weidman confirmed these 
observations noted that at 40°C. 
104 F.) no viable cells remained after 
6 davs incubation?. results sug- 
gested the possibility of using artifici- 
ily induced fever as a therapeutic 

easure, 


slowly 


and 


These 


especially since fever is gen- 
ers et not a prominent symptom of hu- 
_In fact, fever is usually 
absent in human torulosis'. 
Subsequently, Kuhn reported that in- 
fected mice maintained in an incubator 


man torulosis. 
minimal or 


M. 


University of Pennsylvania 


PENNSYLVANIA 


Pillsbury, director 


and the William Pepper 
School of Medicine) 


room at 35 to 36°C. survived longer 
than those kept at room temperature*. 
The average temperature of the incu- 


bated mice was 103°F., but varied 
from 101 to 105°F. All 15 intrave- 
nously infected mice were dead in 


eleven days at room temperature com- 
pared with only of 15 main- 
tained at je C. In hands, 
however, attempts to maintain mice at 
a uniformly elevated temperature have 
failed. Either the diurnal fluctuations 
were too great or unexpected deaths 
occurred from hyperpyrexia. Among 
the unsuccessful methods employed 
were: 1) Maintenance in an incubator 
at various temperatures; 2) suspension 
of mice in constant temperature water 
baths after placing them plaster of 
paris and 3) maintenance in 
cages and special boxes heated by 
infra-red bulbs. It seemed desirable, 
therefore, to employ another suscep- 
tible animal with which to test the 
hypothesis that an elevation of body 
temperature to a level of 103 to 104 F. 
will cause in vivo death of Cryptococ- 
cus neoformans. 

Since it was previously that 
chick embryos incubated at 37°C. are 
killed by Cryptococcus elena 
when injected intravenously in appro- 


mice 


35 to our 


casts; 
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it occurred to us that the 
of the embrvo might be 
sufficiently to kill 
the organisms without killing the em 
brvo Phe 
lated found to 
until hatching when incubated at 40 (¢ 


from the 9th day of age. By plunging 


priate doses 
temperature 
artificially elevated 
great majority of uninocu- 


embrvos Were SUTVIV¢ 


thermometers directly into the contents 
of embrvyonated eggs incubated at 
this temperature, it was learned that 
from the 9th to the 14th davs the tem 
perature of the egg is approximately 
2°C. lower than the incubator tempera 
ture. From this time on the temperature 
20th dav the 
temperature of the egg is about 1 ¢ 

higher than that of the atmosphere 

Although an error is thus introduced by 


slowly rises until on the 


the limited heat regulating capacity of 
the the 
embrvo does not above 
that of the 
before 


embrvo, the temperature of 
actually riss 
incubator until several days 
The 
COMparison 
fluctuation of temperature in 
The chick 


considered to be a suit- 


il] 
with the 


hatching error 1s 
furthermore, by 
diurnal 


many embrvo 


mammals 
was, therefore 
able animal for the experime nts to be 


desc1 ibed 


Methods. Crypt neoforman was 
ultured { 2 to davs on Sabouraud’s 
glucose gar. The living cells were suspende | 
in 0.85 olution of NaCl and wer idjusted 
to a concentration of 1:200 by volume Ap 


proximately 0.03 ml. of this suspension was 


injected with a gauge needle into one 
tf the chori vallant veins ot jeday old 
chick embrvos ifter the method t Lee et al 
Following inoculation, embryos were incu 
bated il tol at le ist a davs order 
t permit ntection to become established 
Incubation some embrvos at Was 
continued until thev died or hatched. These 
served is p Sitive controls After intervals 
varving from 2 to 5 davs others which had 
so far sury ed the expernnent were removed 
to a second constant temperature incubator 


which Was idjusted for different experinents 


it 39, 40, 41, and 42°C respectively, ind 
were incubated until death or hatching 
occurred. Still others which were not inocu 
lated were at first incubated at 37°C. for 2 


or more davs ind were 


then removed to the 


second incubator at the specified temperature 


RANE, 
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nbrvos as 

litte rences 
infected ( 


together with infected « 


oculated Ti¢ 


unin 


gative controls experiment 
mortal 


varying 


was designed to show 


ity rate ot brvos it 
temperatures ibove 
In i second 


inoculated 


experiment embrvos 


were with Cryptococcus neofor 


mans and incubated ding to the plan 
of the first experiment In addition to any 
which died specihe nul ibers ot living em 
} 


after incubation 
was begun. At 


blocks from the 


liver spleen kid 


formalin 


brvos were sacrificed daily 
it temperatures ibove | 
these embrve 

horioallantoi 
ney and 


lded 


embedded 


tutopsy ot 
nembrane 
were in LO 


ling’ 


in parattin ind sectioned. Sections 


were stained routinely with hematoxvlin and 
osin. These sections w examined for the 
presence OF ibsence r it ms and organisms 
The relative numbers f organisms in the 
livers of infected « Ss was estimated 
rough tissue sections and in India ink 
preparati t t f autopsy The 
presence f viable rva is in the livers 
was determined by Itur in Sabouraud’s 
tlucose brotl it utoy 
By this experiment, it was hoped to learn 


ion cle ith ot Crvptococcl might have 


m survival rate f embrvos and whether 
disappe iT trom 


nfected tissues under t 


nditions spec ified 


Results. In Table 1 it is evident that 
at the 
uninoculated embrvos die before hatch- 


only a small fraction of 
ing but that an almost equally small 
infected able 
to survive. The period of greatest mor- 
tality in the latter from the 


5th to 7th dav after inoculation. 


traction of embrvos are 


group is 


In the case of inoculated embryos 
incubated first at 37°C 
moved to a higher environmental tem- 
that in the 

tollowing 


and then re- 
perature, it will be seen 
incubated at 39°C 
incubation at 37°¢ 
three-fourths of the 
but if the preliminary 
37°C. was prolonged to 4 days slightly 
less than two-thirds 


group 
for 2 davs 


ml 


about 
survived 
incubation at 
survived. Of un- 
inoculated embryos subjected to the 
same conditions, more than nine-tenths 


survived. In a group of infected em- 


brvos incubated at 40°C. following 
2. 3, 4, and 5 days preliminary incu- 


the survival ratios 


were approximately four-fifths, three- 


bation at 37°C., 


| 


EMBRYOS 


CHICK 


ON SURVIVAL OF 


RATHI 


re MPH 


pope se 


US 


th Of 


ST YY 


INATAY 
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fourths, two-thirds and one-half re 
spectively. Almost 9 of 10° uninocu 
lated controls survived under iden- 
tical conditions. Likewise when inocu 
lated embrvos were incubated at 41°C 
following preliminary incubation at 
37 C. tor 3 and 4 days, the survival 
ratio was about seven-tenths and one 
half respectively. The survival ratio 
of uninoculated controls, howeve1 
was now only four-fifths. At an atmos- 
pheric temperature of 42°C. following 
3 days incubation at 37°C., the sur- 
vival ratio of uninoculated controls was 
only two-fifths, but this ratio was like- 
wise approximated by the inoculated 
embrvos. Considering the fact that an 
appreciable number of uninoculated 
embryos fail to survive incubation at 
the higher specified temperature, the 
salvage rate of the inoculated embrvos 
at these temperatures becomes more 
striking when compared with the mor- 
tality rate of inoculated embrvos main- 
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tained at 37 C. The number of infected 
embrvos maintained at 42°C. was so 
small, however, that the results, though 
strongly suggestive of protection, were 
not statistically significant when ana 
lvzed by the chi square method 
The results of the second experiment 
are recorded in Table 2. It will be 
seen that extensive lesions associated 
with viable organisms are present. in 
the inoculated control embrvos which 
were incubated continuously at 37 
until sacrifice or death. In the case of 
embryos incubated at higher tempera 
tures lesions were fewer or absent in 
embrvos incubated for 9 or more days 
at 39°C. than those incubated at this 
temperature for shorter periods or in 
the controls. Even at hatching, how 


ever, cultures remained positive in this 


‘group At 40°C.. cultures showed no 


growth on and after the Sth dav of 
incubation at the higher temperature 
After 2 davs of incubation at this tem 


TABLE 2.-INFLUENCE OF TEMPERATURE ON LESIONS AND 


VIABILITY O1 


ORGANISMS 


Day 
Les / D high 
Days of \ nat High / pera 
/ Day t 
/ Vo. of j 
( ( } bryos 
4 Jt, ) Viable 
until 
hatching 
0 
+) ) 
1) 
+] , 
1) 1) 
Viable 
( ity Continuou 4 until 
death 
Number surviving ineculation and preliminary incubation at 37°C. until time of incubation at 
higher temperature 
“Starting one day after incubation at higher temperature 


As indicated by cultures 
*** Remainder died prior to 8th day 


S 
h 
| 
a 
t 
\ 

] 
{ 


EFFECT OF TEMPERATURE ON 
perature there was generally a striking 
reduction in the number of organisms 
seen in the india ink smears and in the 
sections. The majority of the organisms 


killed in the first 48 


This corresponds to the in 


were evidently 


hours vitro 
results 
of 41 
by the 


appeared small in the 


At an incubation temperature 
cultures showed no growth 


6th day of incubation, lesions 


early days of 
and were 


Sth 


incubation not found on or 
after the This 


trend was more pronounced at 42°C. 


day of incubation. 


when cultures were no longer positive 
on the 
scattered 


3rd day of incubation and only 
observed — in 


{th and 5th 


le SIONS were 
embrvos sacrificed on the 
incubation. 


When 


tinuously at 37 C.. the 


davs ot 
incubated —con- 
9-dav old chick 
embryo is highly susceptible to infee- 


Discussion. 


tion with Cryptococcus neoformans it 


inoculated intravenously with a heavy 
suspension of living organisms. M: issive 
lesions were usually produced in many 
of the usually 


lethal to the embrvo within a few day S. 


organs which prove 


The organisms are present in great 


numbers in the infected tissue and are 
readily in hematoxvlin-eosin sec- 
aS ast-like 


wide clear 


seen 
tions cells surrounded by 
spaces representing the 
presence of capsules. Inflammatory re- 
minimal. Of the 


liver 


action 1s internal 


organs, thi is most constantly in- 


volved and is usually the most heavily 
infected. Grosslvy, the liver generally 
shows whitish irregular plaques on 


about the 5th day after inoculation. A 
description of the pathologic lesions 
will be reported elsewhere. 

Since chick embryos show little if 


anv resistance to infection with Crypto 


coccus neoformans at 37°C., and since 
most can survive incubation at temper- 
itures up to 42 C. with proportionate 
rises in body temperature, the embryos 
are adaptable to experiments designed 
effects of incubation at 
above 37°C. on the 


vival of inoculated Cryptococci. When 


to show the 


temperatures sur- 
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first incu- 
bated at 37°C. for 2 or more days to 
insure infection and then were incu- 
bated at 39, 40, 41, and 42°C., respec- 
tively, there was a progressive increase 
of survival as compared with 
incubated left at 
C., especially when the mortality 
rate of uninoculated embryos 
jected to the same temperatures is 
taken into consideration. Thus at 42°C., 
although the 
lated embrvos was only 5 of 12, 


inoculated embryos were 


rate 
control embrvos 


sub- 


survival rate of uninocu- 
that 
was 4 of 11. 
Although the number of embryos was 
limited, there is the suggestion there- 
fore that at this temperature Crypto- 
cocci are destroyed before they in turn 
can kill the 

In the second experiment, it is inter- 
esting that although lesions and viable 
organisms persisted until hatching in 
incubated at 39°C., the 


of inoculated embrvos 


embrvo. 


embrvos sur- 


vival rate was only slightly less than 
uninoculated controls. Likewise at 
higher temperatures, the presence of 
lesions and living Cryptococci were 
demonstrable for 8, 6, and 3 days at 
10, 41, and 42°C.. respectively. It is 


probable, therefore, that at 39°C. mul- 
tiplication of the organisms is inhibited 
bv temperature of incubation, but that 
they are not actually killed. At temper- 
atures higher than this, however, the 
eventually killed and 
the tissue lesions become resolved. 

From the evidence presente od, it may 
be concluded that C. neoformans cells 
are destroyed in the chick embryo in- 
cubated at 40 to 42°C. This observa- 
tion confirms previous reports that this 
temperature range is lethal for C. neo- 
formans both in vivo and in vitro. 

The results of these experiments in- 
dicate that to cure cryptococcosis in 
the human, induced hyperpyrexia of 
about 104°F. for 8 days continuously 
would be necessary. In most instances, 
patients could not tolerate such treat- 
ment. But it is possible that the human 
may have greater powers of resistance 


organisms are 


adjuvants 


Cure 


about a temporary 
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than the chick embrvo so that favorable 


might be 
The 


might 


results obtained at lower 
use of antibiotics as 
helpful 


Fever therapy even i inadequate to 
the d 


temperatures 
also prove 
disease, might aid in bringing 
remission 

Summary. The intravenous infection 


t chick embrvos with Cryptococcus 
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HEPATIC LESIONS AND DYSFUNCTION 
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Previous clinical and pathologic 


studi S have 


indicated that disease of 
the liver occurs not infrequently in 


association with chronic ulcerative 
colitis. Logan as early as 1919 re 
ported the finding at hecropsy of 10 


cases showing infiltration of the liver 
with fat, and of 1 case showing cirrho- 
total of 13 


cases of chronic 


Sis, among a cases. Four 


ulcerative colitis with 


issociated — he patic insufficiency were 
reported by Comfort, Bargen and 
Morlock in 19384. Cain and Cattan! 


infiltration of 
the liver with fat in the terminal stages 
of the felt it might be 


significant in influencing the course of 


noted the occurrence of 


clise and 


chronic ulcerative colitis. Tumen, Mon- 
aghan and Jobb" reported 5 cases ot 
cirrhosis in 151 cases of chronic ulcera- 
felt that factors of 
malnutrition, long periods of nutritional 
otten 


tive colitis. They 


deficiences, toxemia as seen in 
chronic ulcerative colitis, and absorp- 
tion of toxic materials from the bowel 
were of possible importance in the 
levelopment of the cirrhosis. Ross and 
Swarts’ reported that 14 of 27 necrop- 
sies were considered to show evidence 
damage to the liver including cirrho- 
sis, toxie cirrhosis and infiltration with 


rat 


MINNESOTA 


Four instances of cirrhosis were 


found by Pollard and Block!? among 
cases ot 
In 12 of 27 ' 
formed sulfobromophthalein tests there 
LOG or 


ren and Sommers" found infiltration of 


chronic ulcerative colitis. 
cases in which they per- 


Was more dye retention. War- 
the liver with fat in 33 of 60 necropsies. 
In 6 of the 60 necropsies cirrhosis of 
the liver was present. 

Our study was conducted to deter- 
the 


pathologic changes seen in the liver in 


mine incidence and tvpes ot 
chronic ulcerative colitis and to assay 
the possible significance of these lesions 
clinically. 

Material and Methods. 
examination was performed in 91 cases 


Postmortem 


of chronic ulcerative colitis encountered 
at the Mavo Clinic from January 1, 
1936, through September, 1949. ‘The 
clinical records in these cases were 
studied and specimens of liver obtained 
at necropsy were examined grossly and 
histologically. As a control, the liver 
was also examined in 90 consecutive 
necropsies, excluding infants and chil- 


dren and cases in which there was any 


type of colitis or enteritis. Because 
approximately half of the cases of 
chronic ulcerative colitis presented 


* Abridgment of thesis submitted by Dr. Jones to the Faculty of the Graduate School of 
University of Minnesota in partial fulfillment of the requirements for the degree of Master 


Science Medicine. 
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varying degrees of peritonitis at the 
time of the 


another series of 57 


necropsy, liver was ex- 


amined in cases 


representing various disease entities 
exclusive of enteritis or colitis and all 
presenting evidence of peritonitis at 
lheCcropsy 

Results. In the 91 cases of chronic 
ulcerative the common 
finding in the liver was that of infiltra 
tion with fat (Table 1, Fig. 1). In 3] 


cases, there was no appreciable infiltra 


colitis most 


BARGEN: 


CHRONIC ULCERATIVE COLITIS 


tion with fat, and in 13 cases there was 


mild, probably insignificant change 
However, in 14 cases there was mode 
and in 


Fig. lb). The 


frequency of this finding may be con 


ate infiltration (Fig. la 


cases severe infiltration 


trasted with the incidence of infiltration 
the control 


with fat in seen 


in Table 2 


Infiltration with fat was encountered 


series) as 


most frequently in the cases of severe 


fulminating chronic colitis. Aside trom 


TABLE 1 PATHOLOGIC CHANGES IN THE LIVER IN  CHRONI 
ULCERATIVE COLITIS: 91 CASES 
f 
Infiltration with fat 
Mild 13 
Moderate 14 
severe 
Cirrhosis 
Abscess 
Necrosis center of lobules | 
Hepatitis 
Fibrosis of portal triads aler 
Mild 2 
Moderate in foeal area l 
Cellular reaction of portal triads alone 
Moderate } 
Pericholangitis l 
Amvloid deposits in blood vessels ] 
Metastatic carcinoma 4 
Intrahepatic thrombosis 
PABLE 2. INFILTRATION OF THE LIVER WITH FAT IN CHRONIC ULCERATIVI 
COLITIS COMPARED WITH CONTROL GROUPS 
(; 
Vo Vo \ Vo / 
Chronic ulcerative colitis 81 18 14 1+ 15 91 
Control group 72 80 1] 12 
Peritonitis control group GS 1] 19 4 
rABLI RELATIONSHIP OF HYPOPROTEINEMIA AND INFILTRATION OF THE 
LIVER WITH FAT IN CHRONIC ULCERATIVE COLITIS 
Total 
protein (rrac f ation 
per 
( Vild Voderat / 
or more S ] 1] 
5.0-5.9 5 ) 
+.0-4.9 4 19 
or less 0 0 l 


tl 
cl 


JONES, BAGGENSTOSS, BARGEN: 
this there was no correlation between 
the 
change and the duration of the illness. 
Infiltration with fat 


most frequently in patients who were 


incidence and degree of — such 


seemed. to 


occur 


severely debilitated by the disease. In 


general the patients with severe hypo- 


CHRONIC ULCERATIVE COLITIS 2S] 
proteinemia had moderate or severe 
infiltration of the liver with fat. This 
relationship may be seen in Table 3. 
There were 3 cases of cirrhosis of 
the liver among the 91 cases of chronic 
ulcerative colitis. In 2 of these the pa- 


tients were men aged 25 vears and 41 


Fic. 1.—Infiltration of the liver with fat in chronic ulcerative colitis. a. Moderate degree ol 
infiltration (hematoxylin and eosin x85). b. Severe degree of infiltration (hematoxylin and 
eosin x65). 
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vears, respectively, at death. Both had 
had long debilitating courses of colitis 
with many fairly severe exacerbations. 
One had enterocutaneous and anal 
fistulas. In both cases, at necropsy the 
liver grossly was finely nodular, and 


histologically showed bands of connec- 
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tive tissue which separated regenerated 
lobules (Fig. 2a). The livers weighed 
1.616 and 2,712 gm. respectively. The 
3rd case was that of a woman aged 34 
vears who presented a severe fulmi- 
nating course of colitis of 7 months du- 
ration. Marked ascites and edema de- 


« 


Fic, 2.—Hepatic lesions in chronic ulcerative-colitis. a. Cirrhosis of the liver (hematoxylin and 
eosin x35). b. Periportal fibrosis of left lobe of liver (hematoxylin and eosin x35). 
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death. At 


necropsy the liver grossly was roughly 


veloped 3 months before 
histologically showed 
extensive cirrhosis. It weighed 1,440 


gin. It is difficult to be certain in this 


nodular, and 


case that the cirrhosis did not precede 
the colitis 
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In 1 case a large localized portion of 
the left lobe of the liver showed peri- 
portal fibrosis without conclusive evi- 
dence of nodular regeneration of the 
hepatic lobules (Fig. 2b). The central 
somewhat 


were eccentrically 


place d in some instances, but otherwise 


AEP? 


¢ 


Fic. 3.—Hepatic lesions in chronic ulcerative colitis. a. Increased numbers of lymphocytes 


ind plasma cells in periportal spaces 
about bile ducts (hematoxylin and eosin x185). 


(hematoxylin and eosin x155). b. Suppurative reaction 
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the lobules normal. This 
lesion occurred in a man whose colitis 
had run a long mild course and who 


appeared 


had died after cholecystectomy was 
performed because of nonfunctioning 
gallbladder which did not contain 
stones. In 2 other cases there was mild, 
questionably significant increase of the 
periportal connective tissue. In 5 cases 
there WaS a cellular reaction in the 
portal triads that was characterized by 
an increase in number of plasma cells 
and lymphocytes (Fig. 3a). This cellu- 
lar reaction was moderate in 4 cases 
and severe in 1. In still another case 
a pronounced degree of pericholangitis 
was present with infiltration of poly- 
morphonuclear leukocytes about the 
bile ducts in the liver (Fig. 3b). Necro- 
sis of the hepatic cells in the centrolob- 
ular region occurred in 1 case, while 
in another there was extensive necrosis 
of cells in the centrolobular region 
along with infiltration of polymorpho- 
nuclear leukocytes throughout the liver. 

In 5 instances multiple thrombi were 
found in the hepatic vessels. In 1 of 
these an extensive thrombotic process 
was present, with marked centrolobular 
necrosis and congestion in the region 
adjacent to the thrombi. There was 
only 1 case of pylephlebitis and absces- 
ses of the liver. In this case there had 
been long-standing chronic ulcerative 
colitis complicated by the presence of 
perianal, intra-abdominal fistulas. The 
hepatic disease in this instance repre- 
sented a fatal complication. 

CLINICAL STUDIES ON THE ASSOCIATION 
or Hepatic DisEASE IN CHRONIC ULCER- 
ATIVE Co Twenty-four patients 
with chronic ulcerative colitis who 
entered the hospital for varying reasons 
were studied with various liver function 
tests. There was 1 case with hepato- 
megalv, splenomegaly and jaundice; 1] 
case of hepatomegaly; 2 cases of splen- 
omegaly alone. and 1 case of marked 
ascites and mild jaundice secondary to 
chronic disease of the liver among the 
group of 24. The patient presenting 
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hepatomegaly, splenomegaly and jaun- 
dice entered the hospital primarily 
because of hematemesis and melena 
and was found to have esophageal 
varices with bleeding points demonstra- 
ble by esophagoscopy. He was 26 vears 
old and had had severe exacerbations 
of colitis intermittently over 


al period 
of 10 vears. 


The patient pres nting 
ascites and jaundice was a man aged 43 
vears who had had frequent severe ex 
acerbations of colitis over a period of 6 
vears, finally 


necessitati ileostomy 


ig 
and subtotal colectomy 6 years prior to 
his admission. At the time of this studs 
there was still activity of the colitis in 
the rectum and the portion of the sig 
moid which remained, as ascertained 
by proctoscopic study. The sulfobro 
mophthalein dve retention at the end 
of the hour was 34%. The serum biliru 
bin was elevated, being 1.0 mg. per 100 
ce. of serum direct and 0.8 indirect. The 
cephalin-cholesterol flocculation reac- 
tion was 3--. The serum albumin was 
1.8 gm. per 100 ce. and the serum glob 
ulin was 4.0 gm. per 100 ce. 

In 23 instances, sulfobromophthalein 
tests were performed. In 12 there was 
grade 0 (0 to 5%) dve retention at the 
end of 1 hour. In 6 there was grade | 
(6 to 11%) dve retention, and in 4 there 
was grade 2 (12 to 237) retention of dv 
In one, the patient who had ascites and 
jaundice, there was grade 3 (347) dv 
retention. One patient who had a grad 
2 dye retention initially, associated with 
severe hypoproteinemia peripheral 
edema, malnutrition and toxemia, latet 
was found to have a grade 0 retention 
after improvement of her general con- 
dition. In all instances of grade 2 dv 
retention the patients presented acute 
exacerbations of the colitis with asso 
ciated toxemia, anemia, hypoprotein- 
emia and nutritional deficiencies. excent 
for the patient with ascites and jaundice 
mentioned previously. Thymol turbid- 
itv, Bodansky alkaline phosphatase, and 
serum bilirubin determinations were 
essentially normal in all instances ex- 
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cept for the 2 patients with definite 
clinical hepatic disease mentioned pre- 
viously. 

Comment. The occurrence of hepatic 
injury chronic 


during the course of 


ulcerative colitis has been ascribed bv 
manv observers to factors of malnutri- 
tion and toxemia. The supposition that 

the 
been 
supported by a number of experimental 
studies. Goldblatt*, and 


others, have produced infiltration with 


malnutrition is of importance in 


evolution of these lesions has 


Gyorgy and 
fat, necrosis and increased periportal 
fibrosis in rats by means of diets defi- 
cient in vitamin The production of 
infiltration of the liver of the rat with 
fat has been accomplished by diets low 
in protein although supplemented by 
Chaikoff associates?“ 
have reported the development of infil- 
tration of the liver with fat followed by 
cirrhosis in depancreatized dogs main- 


( holine 


tained on insulin and in dogs given a 
liet high in fat. Others? have produced 
infiltration with fat and diffuse hepatic 
fibrosis in rats by feeding diets high in 
fat content. Hartroft® has noted a rapid 
development of infiltration of the liver 
with fat in rats fed deficient diets and 
felt that subsequently there was a prolif- 
tissue fibers from 
the adventitial sheaths of the central 
veins he 


eration of connective 
occurrence of hypopro- 
teinemia in many of our patients may be 
malnutrition. The 
question whether the hypoproteinemia 
from the malnutrition and 
associated with the colitis or 


indicative of severe 
resulted 
toxemia 
whether it is an indication of hepatic 
damage is difficult to decide from the 
available In our 
the hypoproteinemia present 
in these patie nts was usually related to 
the colitis rather than to the infiltration 
of the liver with fat. One cannot, how- 
ever, completely exclude the role 
played by he patic dysfunction in the 
production of hypoprotei inemia. 

and others have 
held that infiltration of the liver with 


data on these cases. 
opinion 


Because Connor®® 
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fat may eventually culminate in cirrho- 
sis we were particularly interested 
the occurrence of cirrhosis in our cases. 
Although infiltration with fat was com- 
mon, frank cirrhosis was found in only 
3 of 91 cases of chronic ulcerative coli- 
than 
that observed in routine necropsies at 
the Mavo Clinic. This, does 
not preclude the possibility that chronic 
ulcerative colitis predisposes to the 
development of cirrhosis. This possibil- 
ity should be seriously considered, in- 
asmuch as it is generally recognized 
that a fatty liver is more vulnerable to 
various injuries than is a normal liver. 
The occasional occurrence of necrosis 
of the hepatic parenchyma and of in- 
flammatory reaction and fibrosis in the 
periportal spaces may be indications of 
this increased vulner: ibility. The ques- 
tion whether these lesions or infiltration 
with fat can be considered as a precur- 
sor of cirrhosis could not, however, be 
determined from this study. 

The clinical studies of hepatic func- 
tion in the course of chronic ulcerative 
colitis indicated that abnormalities oc- 
curred frequently during exacerbations 
When the colitis sub- 
sided the hepatic function usually 
returned to normal, indicating that 
anatomic lesions, if they occurred, were 
probably reversible. 

Summary. Infiltration of 
with fat is frequently observed in 
chronic ulcerative colitis at- the time 
of necropsy. It occurred in moderate 
to severe degree in 47 of 91 cases (52%) 
in our series. It is probably related 
to the malnutrition, toxemia and debil- 
itating effects of chronic ulcerative 
colitis. Cirrhosis was found in 3 of the 
91 necropsies. Although this incidence 
is no higher than that observed in 
routine necropsies, the possibilities 
that chronic ulcerative colitis predis- 
poses at times to the development of 
cirrhosis should be seriously considered. 
Necrosis of hepatic parenchy ma, in- 
flammatory reactions and fibrosis in 


tis. This incidence is no higher 


of course, 


of the disease. 


the liver 
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the portal regions and intrahepatic often seem to be of a temporary nature. 


thrombosis were occasionally observed 
Clinical studies indicated frequent 
abnormalities of liver function reactions 


in cases of severe chronic ulcerative Chronic hepatic disease during the 


colitis. These abnormalities of function course of chronic ulcerative colitis. 
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PATHOLOGICAL LIVER WITH MINIMAL OR NO CHANGE 
IN “LIVER TESTS” 


Rickerrs, \1.D 


IN MEDICINE 


By E. 
INSTRUCTOR 


CHICAGO, ILLINOIS 


rom the 


Frank Billings Medical Clinic, The 


The University of 


Department of Medicine 


Chicago 


fuk purpose of the present study is 
to analyze various conditions of histo 
logically proved liver disease, in which 
tests 


abnormality 


disclosed minimal or no 


The 


spotted in a routine examination made 


“liver 


cases studied were 
in patients with liver disease or sus- 
pected liver disease during the last 5 


vears (1945-50 


Methods. The 


terminatio! 


following biochemical de- 


wert 


performed simultaneously 
direct and total bilirubin; total cholesterol and 


cholesterol-esters; serum alkaline phosphatase; 


plasma proteins, albumin and globulin; pro 


thrombin ti intravenous hippuric acid 


thymol turbidity; ce phalin-cholesterol floccu- 
lation; quantitative per diem urinary and 
fecal urobilinogen and bromsulfalein reten- 
tion (the last obtained 30 minutes after in- 


jection of 5 mg. of dye per kg. body weight; 


the results are expressed in per cent, a con- 
centration of 4 mg The 
t these different tests have previ- 
st ited? 


tained in all « 


*% representing 100% 
ter 
ously been Liver biopsies were ob- 
ises, either at laparotomy or by 
using the Vim-Silverman needle. 


Results. The liver tests were found 
unaltered or very slightly altered in the 
following conditions: 

Metastatic The study in- 
cluded 25 individuals with an enlarged 


cancer. 


nodular liver which proved to be rid- 
dled various 
organs. The origin of metastasis was: 


with metastases from 
adenocarcinoma of pancreas 9, colon 
6, stomach 4, jejunum 1, retinoblastoma 
|, adenocarcinoma of undetermined 
origin 1, and squamous cell carcinoma 
of the esophagus. Splenomegaly was 
absent in all cases and jaundice was 


' The various tests 
showed a number of similarities. The 
cephalin-cholesterol flocculation, — the 
thymol turbidity, prothrombin time and 


the urinary urobilinogen were within 


present in 5. 


normal range in all. In only one case 
was there a lowering of the cholesterol- 
cholesterol ester ratio below 60, and in 

} the hippuric acid elimination was 


below 0.7 gm. In these 3, however, 
renal function was not tested. Four 
cases disclosed elevation of the total 


serum cholesterol above 300 mg. per 
100° ce.., 
Elevation — of 


the highest being 580 mg. 
alkaline phosphatase 
above 4.4 units occurred in 24 of the 
25 patients, and above 10 units in 
17. Abnormal 


above 


bromsulfalein retention 
10 was found in 15 of the 20 
without jaundice. It 
tested in jaundiced cases. Figure 1-A 
illustrates a 


Cases was not 
microphotograph of a 
cell carcinoma of — the 
esophagus with all tests within normal 
range. 

Primary hepatoma. Two cases of 
primary hepatoma of the liver were 
studied. The first, a 33-year-old non- 
jaundiced male, had had a slow grow- 
ing hepatic tumor for 8 years which 
had produced an enormous nodular en- 
largement. The only abnormal tests 
detected were elevation of alkaline 
phosphatase to 27 units and a brom- 
sulfalein retention of 15. 
case, a 


squamous 


The second 
63-year-old Chinese with a 
considerably enlarged and nodular 
liver, with jaundice, whose micro- 
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photograph is illustrated in Fig. 1-B. 
had a slight elevation of total choles 
terol, 360 mg. per 100 cc. with 235 
esters and an alkaline phosphatase of 
13.5 units. All other tests in these 


individuals were within normal range 


Other focal non-tumorous conditions. 
four cases were studied with focal 
non-tumorous conditions in the liver. 
The first was a non-jaundiced, 67-vear- 
old female with a very hard and bulg 
ing non-tender liver, without spleno- 
megaly Roentgen examination  dis- 
closed a tvpical fist-sized calcified 
echinococcus cyst of the liver. The 
only abnormal tests were an alkaline 
phosphatase slightly elevated to 6.7 
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units and bromsulfalein retention of 22. 
The second patient with marked hepa- 
tosplenomegaly, proved histologically 
to be a follicular lymphoma, is illus 
trated.in Fig. 2-A. The only abnormal 
test was a slight elevation of alkaline 
phosphatase to 5.7 units. The third case 
with histoplasmosis and multiple gran 
ulomas in the liver, as illustrated in 
Fig. 2-B, also had normal tests. The 
last case with sarcoidosis had hepa 
tosplenomegaly. The typical histologi 
cal changes of the disease in the liver 
were found as illustrated in Fig. 2-C 
\ll tests in this patient were within 
normal range. 

Conditions associated with liver scar 


‘ 


Fic. 1.—Punch liver biopsies in metastatic and primary cancer without alteration of tests of 
parenchymal function. A. Liver metastasis from squamous cell carcinoma of the esophagus. 
H and E stain (x 150). B. Hepatoma of the liver. H and E stain (x 207). 


rin 
ton 
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hha 


ring. In a previous study ‘of 20 asymp- 
tomatic cases of portal cirrhosis the 
value of the tests expressing parenchy- 
mal function were found inconstant and 


unreliable 


Stain 


indicating that 
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does not 


itself 
function. 


the liver 


alter paren- 
chymal 


Bromsulfalein tests 
turned out to be the best screening test 
and were abnormal in 65% of the cases. 


fibrosis of 


Increased thymol turbidity and cepha- 


Punch liver biopsies in focal non-tumorous conditions involving the liver without 
altering parenchymal function. A. Giant follicular lymphoma. Hematoxylin, eosin and azure 


io 


B. Granuloma and mild parenchymal changes in histoplasmosis. H and E stain 
200). C. Sarcoidosis. H and E stain (x 100). 
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lin-cholesterol Hocculation occurred in the only abnormal test found. In other 
approximately one-third of the cases. conditions with diffuse fibrosis but 
This is illustrated in Fig. 3-B in a_ little or no parenchymatous changes, 
case of a chronic alcoholic patient with similar findings were observed. Of 2 


portal cirrhosis. A retention of 15 was cases of hemochromatosis studied here, 


Fig. 3.—Punch liver biopsies in cases with diffuse liver fibrosis with minimal or no impairment 

of parenchymal function. A. Portal cirrhosis of the liver with fatty infiltration of the 

parenchyma. H and E stain (x 106). B. Portal cirrhosis of the liver with marked fibrosis. 
Mallory-Azan stain (x 78). C. Hemochromatosis. H and E stain (« 490). 
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results in all tests 
illustrated in Fig. 3-C, 
bromsulfalein retention of 


one gave 
and the 
disclosed a 
10. Similan 


served in 


negative 
other, 


negative findings were ob- 


2 cases of hepatolenticular 
( Wilson's 


as no histological study 


degeneration disease) not 
luded here 
Was made 
Storage Three with 
storage diseases were studied. Of these, 


had 


diseases. Cases 


Gauchers disease involving the 


liver. In one of these, all tests were 
within normal range, and in the other 
slightly jaundiced patient, whose mi- 


crophotograph of a punch liver biopsy 
Fig. 4-B, there 
marked splenomegaly, he ‘patomeg aly. 


marke d 


spleen 


is illustrated in was 


bone 


and 


and marrow by the dis- 
‘acting bilirubin was 
100° ce... 


thymol 


east The direct re 
1.9 and the total 2.5 mg. per 
bromsulfalein retention of 48, 
turbidity 9 and cephalin-cho- 
lesterol flocculation plus 3. All other 


Were 


units, 


tests normal. 


\n essential cholesterol storage dis- 


ease was observed in a_ 7-vear-old 
bov with marked hepatosplenomegaly. 
Typical large cells 
illus- 
Fig. 4-A, and in the spleen. 


abnormality of the 


finely vacuolated 


observed in the liver, as 
trated in 
The onls 


bioc hemic: 


were 


various 
i] determinations was a slight 
increase of the alkaline phosphatase to 
5.2 units 

Degenerative conditions of the liver 
Fatty infiltration of the 
liver parenchyma may not affect signif- 
icantly tests of hepatic function, as has 
been Fig. 
punch 
liver biopsy are illustrated, indicating 
marked fatty infiltration and slight peri- 
portal fibrosis in a 44-vear-old alcoholic 
with but with 
All tests 
in this case, 
except a bromsulfalein retention of 38. 

In |] diffuse 
volving the liver, 


parenchyma. 


disclosed previously*. In 


3-A microphotographs of a 


male he ‘patome ‘galy 

latent asymptomatic cirrhosis. 
were within normal range 
amvloidosis in- 


within 


case of 
all tests were 
normal range. 
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Discussion. Liver tests within normal 
range are with the 
absence of liver ps athology, a point not 
sufficiently emphasized. The fact that 
tests indicating parenchymal function, 
such as prothrombin time, 
acid, 


not synonymous 


hippuric 
and urinary urobilinogen remain 
normal despite a pathological liver is 
not at all surprising, since experimental 
observations have shown the enormous 
reserve of function of the liver paren- 
chyma. Approximately one-tenth — of 
the normal parenchyma is able to 
carry on adequate function’. This 
with observations fre- 
quently in cases with large tumors in 
the liver, in which tests of parenchy- 
mal function found within the 
normal range. The present study shows 


agrees 


are 


that in primary and metastatic cancer, 


in focal conditions of the liver, such as 


echinococcus cysts, sarcoid, storage 
diseases such as Gaucher's, essential 
cholesterol storage disease, in 


fatty or amyloid degeneration of the 
parenchyma, the tests of parenchymal 


function may not be © significantly 
altered. 
Liver fibrosis with a compensated 


signifi- 
cant chi nge in the tests of parenchymal 
function®*. This supports the idea that 
of acute hepatitis, who develop 
post-necrotic 


parenchyma may disclose no 


Cases 
scarring of the liver, can 
be diagnosed only by liver biopsy. 
The most frequently abnormal test, 
and thus the 
found to be 


best screening test, was 
the bromsulfalein reten- 
tion. Elevation of the alkaline phospha- 
and the direct reacting bilirubin, 
as well as the total cholesterol in sev- 
eral cases, in patients with metastasis 
wr focal conditions of the liver without 
jaundice. is difficult to explain ade- 
quately, but they are probably due to 
regurgitation of bile produced by 
mechanical action of these focal con- 
ditions. 

Conclusions. 1. “Liver tests” within 
normal range may occur despite dis- 
ease structure of the liver. 
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I { r biopsies in cases with storage diseases involving the liver without produ 
1 t t parenchymal function. A. Essential cholesterol storage disease. H and EF. stain 
720). B. Gauchers disease. Mallorv-Azan stain 705 
2. Focal conditions of the liver do 1. Storage diseases of the liver, and 
not. as a rule. affect parenchymal fattv and amyloid degeneration of the 


runction 

3. Focal conditions of the liver may 
be accompanied by increased alkaline 
total 


and promptly reacting bilirubin in the 


phosphatase serum cholesterol. 


secTa 


liver, may not affect. the present tests 
used in the differential diagnosis of 
liver disease. 

5. The bromsulfalein test is the best. 
but not infallible, screening test in the 
detection of asymptomatic liver dis- 


ease, 
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MYASTHENIA GRAVIS ASSOCIATED WITH HYPERTHYROIDISM: 
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ALTHOUGH muscular weakness in 
tients with hyperthyroidism is common 
true myasthenia gravis and hyperthy- 
roidism very seldom occur together**"', 

Phe case to be reported is interesting 
because the administration of propyl 
thiouracil apparently cured the thyro- 
toxicosis, and dramatic im- 
provement in the mvasthenia gravis 
followed thymectomy. 


because 


Case Report: M. | H a 44-year old 
lored fe ile. was admitted to the Detroit 
Receivin Hospital 8 February, 1948. She 


history. of exophthalmic goiter for 2 


vears tat that she had noticed nervous- 
ness, excitability tachveardia, heat intoler- 
ince, and weight loss of 30 pounds in spite 
ippetite Her eves had been 
prominent as long as she could remember 
ind she stated that her father’s eves also 
protruded. She also gave a_ history of in 
reasing weakness of the extremities for 9 
weeks, together with some difficulty in chew 
ing, talking and swallowing. These symptoms 
had progressed since their onset the 
weakness was invariably more marked each 
day toward evening. 

PHYSICAL EXAMINATION revealed an apa- 


thetic colored female apparently 50 years of 
with temperature 98.4, pulse 100, and 
respirations 


20. Her speech was weak and 
slurred. She unable to. raise 
well could not. lift head 


but would try to move her head into a more 


somewhat was 


| 
ier arms an her 


omfortable position with the help of her 
ims. The skin was warm and moist. There 
was marked bilateral exophthalmos which 
was greater on the left, and there was diver- 
gent strabismus of the right eye The 


ophthalmological consultant reported that the 
right eve 


24 


measured 23.5 mm. and the left eve 


mm. on the Hurtel exophthalmometer 


Bilateral ptosis was present and the patient 
was unabl adequately to raise her evelids 
She was also unable to close her eves com 


ple tely because of the exophthalinos. Marked 
conjunctivitis with 
Moderate diffuse enlargement of 
gland was noted. The 
the heart 
the 


pressure 


chemosis was present 
the thyroid 
chest was clear 
sott 

no ¢ nlarge ment 
130/80 


extremities showed al 


Exam 
revealed a systolic 


but 


Was 


ination of 
at 
blood 
tion of the 
of the out-stretched hands 
ness of all the 


Examina 
fine tremor 
There was weak 
extremities and great difficult, 
in performing any coordinated 
After several feeble efforts to 
tremity the patient would be unable to move 
it at all 


movements 


move an 


Initial laboratory work showed the blood 
count, urine, blood urea, creatinine, chlorides 
cholesterol and sugar to be normal. Electro- 


cardiogram showed no evidence of mvyocar- 


dial 


damage. The tests for syphilis were 


negative Glucose tolerance test was within 
normal limits. The basal metabolic rate on 
two occasions was 3S and 19%. 


Diacnosis. The patient responded dramat- 
ically to an injection of 1.5 mg. of prostigmin 
This resulted* in marked 
increase in strength which persisted for 4 
hours. Biopsy of the calf mus le of the right 
leg was done and this revealed lvmphorrhagia 
and atrophy of skeletal muscle compatible 
with mvasthenia On the basis of the 


intramuscularly 


Uravis 


above findings a diagnosis of myasthenia 
gravis was made 

The diagnosis of hyperthyroidism was 
based on the history, the physical findings 


(diffusely enlarged thyroid, warm moist skin, 
fine tremor of the hands exophthalmos ) and 
the 
The accuracy of the latter might be ques- 
tioned because of the patient's weakness, but 
the clinical findings were so typical that there 
doubt as to the diagnosis of 
diffuse goiter with hyperthyroidism. Indeed, 
293 


elevated metabolic rate determinations. 


seemed ho 
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ull those who saw the patient early in her though there was some improvement in the 
hospital stay were thoroughly convinced that mvasthenia gravis with control of the hyper 
she suffered from exophthalmic goitr« thyroidism, large frequent doses of prostigmin 
Course. The patient was given prostigmin were still required and the response was only 
ind ephedrine. The prostigmin was at first fair. Because of the recent onset of the dis 
idministered orally, but because the patient’s case, its severity, and the poor response to 
response was poor even with rapidly increas medical treatment, it was decided that thy 
ing doses, it had to be given intramuscularly mectomy should be done 
At the same time propylthiouracil was given OPERATION was performed on September 
to control the hyperthyroidism. Desiccated 15, 1948. Good anesthesia was obtained by 
thyroid also was given because of the patient’s || means of endotracheal cyclopropane and in 
xophthalmos Phe progress ind treatment travenous procaine The sternum was split 
ire graphically depicted in Fig. | from the jugular notch to the 4th right 
On large doses of prostigmin the patient’s interspace and, using an ext ipleural ap 
response was only fair. Although she could proach, the thymus gland was removed in 
walk a few steps at times, extreme weakness its entirety The thvroid gland looked and 
with inability to rise or move about would felt normal. It was biopsied. Closure was 
occur at other times. The hyperthyroidism performed without drainags 
was well controlled by propvithiouracil ind The patient did very well during and 
the exophthal os increased only slightly. The immediately following peration = at which 
conjunctivitis nd chemosis disappe ired) and time she was given 2 mg. of prostigimin 
thie patient \ ible to close her eves \l intramuscularly every 2 hours ind 24 mg 


| EPHEDRINE 


a 
7 


Jaily 0.016} THYROID 


Mg /24h | 


LEF 
av 
pa_¢ wake 
EXOPHTHALMOS 


THYMECTOMY 


| 


Nlolulelm'ar 


A 


Fic. 1.—Chart indicating the patient’s treatment one progress. Basal metabolic rate recorded as 
percentage of n rmal. Measurements of the degree of exophthalmos recorded in millimeters by 
the Hurtel exophthalmometer. Propylthiouracil controlled the hyperthyroidism; thymectomy 


was followed by dramatic improvement in the symptoms of myasthenia gravis 
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The day after 
operation however, extreme dyspnea occurred 
ind was slightly by 


ol ephedrine every 4 hours 


relieved only broncho- 


scopic aspiration. The prostigmin was there- 


fore increased until she was receiving 2.5 


ng. every hou Thereupon rapid improve 
nent occurred Subsequently the dose ot 
prostigmin was cautiously decreased, — as 
shown in the chart, until by the first week 


November it was stopped completely. 

At this time the stated that she 
felt much better than she had at any 
since the onset of her illness. She 
to walk ibout the hospital 
discharge on 7 November, 1948, was able to 
conduct the light activities of 
household duties without difficulty 


patient 
tine 
was able 
and following 


necessary 
Question 


thle weakness reappeared in December, 1948, 
ind since that time she has been given 
relatively nall doses of — prostigmin — by 
and her symptoms have been well 
ntrolled There has been exacerbation 
f the mvasthenia during a 2-vear period ot 


bservatio1 


Propylthiou iil was stopped in the latter 


ASSOCTATED 


WITH HYPERTILY ROLDISM 
part of Septe mber, 1948. The basal metabolic 
rate has remained normal and the patient has 
had no symptoms of hyperthyroidism. The 
biopsy of the thyroid gland performed at the 
time of thymectomy showed only lymphoid 
hyperplasia but otherwise was normal. The 
patient's exophthalmos increased slightly by 
measurement but has not 
difficulty 


are d 


given her any 
as far as visual or other symptoms 


Gross examination of the tissue removed at 
operation showed an H-shaped thymus gland 
2). Attached to it 
mediastinal fat, 


weighing 35 gm Fig 


was son weighing 5 gm. 


Histological examination of the thymus 


showed no evidence of The thymic 


cells The 


corpus le cells were somewhat vacuolated and 


tumor 


were of two patterns Hassal’s 
had an abundance of eosinophilic cytoplasm 
Phe stroma of the organ was composed of 


cells 


irranged In Sonne 


resembling lvinphocytes. These were 
ireas in a definite follicular 
pattern with germinal centers. Much of the 
gland had been replaced by fat and fibrous 


tissu 


Fic. 2 


Photograph of the thymus gland. The tissue at the lower right is adherent mediastinal 


fat. The thymus gland itself weighed 35 gms. 


4, 
‘ 
fark 
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Comment. The treatment of my- found and removed'”. It is admitted 
asthenia gravis is primarily medical. that the procedure requires further 
Neostigmine with or without ephe- evaluation, but in our present state of 
drine is the drug of choicet'’ knowledge it would seem reasonable to 
and recently tetraethylpvrophosphate consider thymectomy tor those patients 
TEPP) also has been used success- who have the more severe forms of mv- 
fully’ When hyperthyroidism and asthenia gravis and who have had an 
myasthenia gravis occur together it unsatisfactory response — to medical 
would seem wise to treat the hyper treatment. 
thyroidism first since medical manage The case herein reported tends to 


ment of the myasthenia then is more support this view. For although the 
likely to succeed. thyrotoxicosis was completely control 

Unfortunately medical treatment of led by propylthiouracil, weakness per 
myasthenia gravis occasionally fails and — sisted and the patient remained dis 


it is in these cases that thymectomy abled even when given large doses of 
mav be of value. Sometimes at opera neostigmine and ephedrine. Thymec 
tion a tumor of the thymus is found. If tomy was followed by such marked 
such a tumor can be located and _ re- and rapid improvement that sponta- 
moved improvement in the myasthenia neous remission seems highly improb- 
is almost certain to occur. Indeed. it ible 

was the excellent result which Blalock Summary. |. A case of associated 
obtained following excision of a thy- hyperthyroidism and myasthenia gravis 
moma in 1936* which prompted him is presented 

to introduce the operation of thy 2. The hyperthyroidism was com 
mectomy in selected cases of mvas pletely controlled by propvithiouracil 


thenia gravis even in the absence of and has not recurred 

tumor’. Several groups of cases 3. Myasthenic symptoms were poor- 
treated by this operation have been — ly controlled with doses of neostigmine 
studied and reported since Blalock’s which totalled 375 mg. per day orally 


original work. At the present time there and somewhat better but inadequately 
are some who question the value of the — controlled with 32 mg. daily intramus- 
procedure but most of those inter cularly. 

ested in the problem have reported 1. Thyvmectomyv was followed by a 
favorable results, although improve- marked reduction in neostigmine re 


ment has been less marked in cases quirement to 45 mg. orally per dav and 
without tumor than when a tumor was _ permitted rehabilitation of the patient 
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Recent evidence suggests that gluta- 
thione may play an important role in 
normal 
Phat v influence the gluta- 
thione concentration in blood and tis- 


sue 


11 


carbohydrate metabolism*? 


insulin may 


has also been demonstrated*". 
There is some evidence that low levels 
of glutathione may occur in new un- 
In view of 
these data pertaining to glutathione, it 
ot to 


normal individuals 


treated cases of diabetes 


seemed interest determine 


whether and dia- 
betics exhibited any differences in blood 
levels of 2 amino acids closelv related 
to glutathione; namely, cvstine and 
cysteine 

In the free state neither cystine nor 
cysteine occurs in the blood serum to 
an appreciable extent. Both of these 
amino acids are present as_ integral 
parts of the serum protein. They are 
determined, therefore, after hvdrolvsis 
of the protein (or more simply of the 
whole serum) and their concentrations, 
hydrolysis, interpreted in relation 
to the serum protein. In this paper evi- 
dence is presented indicating that the 
taken as a 
group, tends to show lower values for 
total hydrolyzable cystine than that of 


blood serum of diabetics, 


normal individuals. The lowered values 


* Presented in the annual 


part at 
1950 


meeting 
Francisco, June 25, 

+ Aided by grants from the Diabetic 
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in the diabetic person frequently ac- 
company a lowered ratio of cystine to 
protein, suggesting that the serum pro- 
tein of the diabetic may deviate trom 
the normal in cystine composition. 


this the 


has been used to designate 


Terminology. Throughout paper, 
term total cystine 
all cystine plus all cysteine present after 
hydrolysis of — the separated serum of the 
blood. It includes both the eystine (S-S) and 
the S-H 


combined form in serum 


cysteine present in the free and 
The term S-S (cale 
the arithmetical differ- 
and the 


and has been used to identify 


is a caleulated value 


ence between the total evstine value 
cysteine valu 
the S-S acid 
the S-H acid, cysteine 

Methods. Collection of Blood. For all deter 


minations venous blood, obtained either after 


cystine, alone in distinction from 


an overnight fast or 3 to 4 hours after a meal, 


was used. Care was exercised in the use of 
a tourniquet so that no appreciable stasis 
occurred during the withdrawal of the blood 
All cystine, protein and, in certain cases, 


cholesterol determinations were ,znade on the 
clear serum separated after coagulation had 
taken place Badly hemolvzed 
discarded. All sample s of serum or blood were 
kept in the refrigerator at about 4°C. until 
used. Determinations were carried out usually 


serum Was 


either the day the serum was collected or 
the day following. In the case of cystine 
determinations, check hydrolvses made on 


serum after 2 or 3 days showed no significant 
variation to occur during this time interval 
Fotal hydrolyzable cystine and hydrolyzabli 
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ysteine were determined by the methods of 
hvdrolvsates ot whok serum No 
ippre¢ iable difference was found between the 
values obtained when hvdrolvsis was applied 
directly to whole serum’ and when it was 
iwplied to the precipitated protein of the 
serum Our idaptation of the method was 
is follows 

l Hydrolysis For whol serum \ 
known quantity, usually 0.4 cc., of clear serum 
was measured into a 50 cx round bottomed 


centrifuge tubs equipped with a ground glass 


top which fitted an 18 inch straight  refluy 
condenser. To the serum 2.5. c« formic 

drochk rl ( d° were added and the tube 
immediately fitted to the condenser and plac ed 

an oil batl in electric plat maintaining 
t temperature of 118 to 120°C. tor 18 hours 
usually overnight In the top of the on 
denser and extending about two-thirds of thy 
way down was a tube through which nitroges 
gas fowed continuously during the 18-hour 
period \ flow of 2 to 3 liters per minute 
nsures suticient nitrogen and does not cause 


poration of the hydrolysate. Appreciabl 
evaporation during hydrolysis must be avoided 


b) For the protein precipitat f whol 
serum, If hydrolvsis was ipplied to the precip 
tated protein t the serum either 0.4 or 0.5 

tf serum was used and the prote In pre 
pitate 1 by idding 2.5 cc. of water followed 
by LO trichloraceti acid After 
entrifugatior ind draining, 2.5 of 
HCOOH-HCI! were added directly to th 

precipitate and hydrolysis carried out as in a 
For the lbumin fraction thre scrum. 
Separation t the Ubumin fraction of the 
serum was a plished by precipitation of 
t globulin with 23% sodium sulfate wit} 
the ether lification of Kingsley Phe 
ilbumin in an aliquot (10 c« of filtrate was 


precipitated with 10% trichloracetic acid. After 


entrifugation, the supernatant fluid was dis 


irded and 2.5 tf HCOOH-HCI mixture 
pipetted lirectly onto the precipitate. Hydro 
lys the was ther nducted as 
itlined it 
2 Colorimetric determination At =the 
pleti I ydrolvysis the hvdrolvysate 
ich case wa uantitatively transferred to a 
10 glass-st ppered cylinder with 5N HCl 
nd made t final volume of 10 cc. with the 


id. Determinations for total cystine and for 
eine were carried out wrding to the 
Vassel directi m either 1 or O05 
li juots of the hydr lysates obtained from the 
vdrolysis of the whole serum or from the 


ilbumin The difference between the value 


»btained I the whole serum and that 
btained on the albumin was regarded as 


globulin cystine \ Leitz photoe lectric colorim 
eter with filter .No. 401 was used in the 


"58 


icentrated hydrochloric acid and 
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final determination and two standards and a 
blank were usually run with each = set. of 
determinations is slight variations in the 
standard curve sometimes occurred 

In the use of this procedure for the deter 
mination of total cystine and cysteine we 
have found that: 1, the technique used in 
hydrolysis is unaffected if the serum contains 
vlucose up the equivalent of 1000) mg 
per LOO ce > the technique used in hydro 
lvsis is accurate when ipplied to lipemic 
blood if a smaller aliquot of serum, usually 
O.2 is used with the same 
juantity of formic-hydrochloric acid; 3, to 
obtain good reproducible results with the 
colorimetric procedure the kind of zinc used 
is extremely important. Mallinckrodt’s 
metal dust has e best results. The 


character of the zinc must be such that nearly 


given us tl 
compl te solution occurs during the 45 minut: 
pe riod at room temperature. Either instan 
taneous solution or insufficient action at this 
point may introduce erro1 

Total protein, albumin vlobulin. In 
il] protein determination micro-Kjeldahl 
procedure with Nesslerizati mm Was used Al] 
determinations were done in duplicate Many 
were done in triplic ite ind quadruplic ite 
using as an additional check a slight modifica 
tion ot the Weichselbau ! method?! tor 
serum protein determination. Results usually 
checked within 1%. Fractionation of the serum 
was accomplished with Na.SO,. Albumin 
was determined both by mi ro Kjeldahl ind a 
modified biuret method on the sodium sulfate 
filtrate. Globulin was calculated as the differ 


ence between total proten ind albumin 
Potal cholesterol was letermined by th 
Bloor? nethod ind Wits done merely is il) 


inde of the fat content nt tive blood ot the 
diabetic patients 


Subjects. The data reported in this 
paper are based on a study of 25 nor- 
mal and 52 diabetic individuals. The 
normal persons, 10 males and 15 fe 
males, ranged in age from 20 to 45 
vears. The diabetic patients, 32 males 
and 20 females, were from 14 to 68 
vears of age. The duration of diabetes 
varied from less than | month to 25 
vears and in 25 of the 52 patients had 
been present for 5 years or longer. In 
l4 cases the duration of diabetes was 
| vear or less. With the exception of 
6 cases all patients had been taking 
insulin for at least 1 month, and at the 
time of the study were receiving from 
4 to 84 units daily. Approximately half 


63 cc. of formic acid! 
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of the ambulatory and 
their condition under reasonably good 
tests otf the 


patients were 
_ control as indicated by 
blood and urine 

In the 
only 


tor sugar. 
studied. 
included 


group of diabetics 


those cases have been 
which were essentially free of compli- 
None infection at the 
study; 3 cases only had any 


appreciable (more than 20 mg. per 100 


cations had any 


time of 
cc.) albumin in the urine, and these 
were not included in the compilation ot 
the protein data. Although there are 


obvious disadvantages in considering 
together 


diverse 


with diabetes of 
data at 
warrant 


individuals 
hand 
further 


character, the 
seem insufficient to 
classification 

In addition to the 


few 


normals and dia 


betics studied, a values obtained 


100 || 

| 

75 

° 
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the per cent of cases of normals and of 
diabetics falling in that range. The cys- 
tine-protein ratio has been expresse “das 
in mg. per LOO ec. x 100 to fa- 
total protein in mg. per LOO 
cilitate ease of comparison. 

Total cystine in serum. The data in 
Fig. 1 indicate that the total cystine of 
serum of 76% of the normal persons lay 


total cystine 


in the range of 325 to 374 mg. per 100 
ce. (40%, 325 to 349 mg. and 36%, 350 to 
374 mg.) This range, therefore (325 to 


374 mg. per 100 ce.), has been used as 
the expected range for normal persons. 
In comparison with these figures, the 
definite decrease 


diabetics showed a 


in the total cystine of serum. Only 14% 
were within the above range (8%, 325 
to 349 mg., and 6%, 350 to 374 mg.), 


while 69% gave results below 325 mg. %. 


CO 


NORMAL 
DIABETIC 


UNDER 300 300-324 325-349 350-374 375-399 400¢ OVER 


TOTAL CYSTINE in mg. per 100cc. 


1.—Total hydrolyzable cvstine 


content of the 


blood serum of normal and diabetic individ- 


uals with values arranged as to percentage of cases falling within certain ranges. 


on patients with diseases or conditions 


other than, or in addition to, diabetes 


have been included. 
Results. Comparison between the 
total hydrolyzable cvstine of normal 


of diabetics has been 
made by use of distribution graphs 
lL, 2, The values obtained 
both for total cystine and for the serum 
proteins have been grouped in definite 
ranges and each range plotted against 


individuals and 


Figs. 


Similar decreases in the diabetics were 
observed in the total cvstine of the al- 
fraction of the serum protein 
and to a lesser extent in the residual 
globulin-containing fraction (Fig. 2). 

Together with the vy in the 
diabetic for a decreased total cystine 
in the serum and in the major protein 
fractions, in each the values 
showed also a wider variation from the 
mean than that found in the normal 


bumin 


tendency 


case 


— 


B00 


group 


to 420 mg 


Thus, 
in serum in the diabetic group was 213 _ tein ratios. As shown in Fig 
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the range for total cystine 


SERUM 


Serum total protein and cystine-pro- 
A, the 


dis 


per 100 cc. with a standard — tribution of total protein values did not 


deviation of 


380 in the normal group and a standard — betic groups This 
71.5 the observed lowered 


de\ lation ot 


Percent of Cases 


Ol 


16.5 as opposed to 295 to differ greatly in the 


> 


TOTAL CYSTINE in mg abies l00ce. of Serum 


I hvdrolyz ible cystine mtent of the ilbu Ml na rlobuli 
ial and diabetic individuals he value ire arran 
tall wit 
100 
5C 


(a) TOTAL PROTEIN gm percent 


uJ 
x 
Le 
: 
ul 
49 5.5 D20 
= (b) ALBUMIN gm. per cent —— gm percent 


IOC 


@) % RATIO piagetic 


iparison of total protein, albumin and globulin values and 


of normal and diabetic individuals 


total 


normal 


and dia 
indicates that 
evstine in 


OOD 
= 
ALf N 
Fic. 3.—Con ee A/G ratios in the serun 
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the diabetic 


merely 


the serum. of individual 


was not 


reflection of a 
lowered protein content. It is obvious 
that a total with 
total protein essentially “unchanged 
from. the the 
diabetic a cvstine protem ratio below 
that the 


decrease in cystine 


normal would create in 


found 


normal individual. 
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globulin fractions. Although in the com- 
parison of the normal and_ diabetic 
groups there was evidence of little vari- 
ation in the serum total protein, this 
agreement was not carried over to the 
albumin and globulin fractions, Fig. 
3 (b) and (c). Here a definite trend 
in the diabetic for a decreased albumin 


FABLE 1 CYSTINE-PROTEIN RATIOS AT VARIOUS LEVELS OF SERUM PROTEIN 
IN NORMAL AND DIABETIC INDIVIDUALS 
Vor D, hetie 
Cystine-Pre ('ystine-Protein 
Ratio Ratio 
/ \ Vo 
Rar Rar frerage 
| 9 6 $.1-4.% 4 
$252 27 9-5 1 4 
Potal Normals 4 2 2 Grand average Nermals 4.79 
Diabetics 3.4 Diabetics 4.56 
PABLI PERCENTAGE OF ALBUMIN AND GLOBULIN IN TOTAL PROTEIN 
IN BLOOD SERUM NORMAL AND DIABETIC. PERSONS 
Globulin 
\ 1 ex pressed a ot Total Protein 
Ra fre Range frerage 
1) ting 17 71 601 28 8-48 .7 39.9 
1) ng 0 G17 28 5-49. 5 S84 
61 8-7 67 0 276 6-38 2 33.0 
} ett 
wition 65 9 7 SS. 1 
dhe 
No cases included in which an inverse A G ratio occurred 
This is evident in Table 1, where it and an increased globulin was observed 


will be seen that in every protein range 
the average cystine-protein ratio for 
the diabetics was found to be slightly 
less than that for 

range. The grand average for the 
diabetic group was 4.36 (range 3.4 to 


the normals in the 


Sal 


ie as opposed to 4.79 (range £2 to 


.2) for the normal group. Tuchman 
ind 
ratio of cystine to protein in 15 miscel- 
1.82. 

Serum albumin and globulin and the 
total cystine content of the albumin and 


Reiner'® determined the average 


laneous cases to be 


which led to a lowered A/G ratio in 
the diabetic group, Fig. 3 (d). The 
data in Table 2, tabulating actual per- 
centage of albumin and globulin in the 
total protein of the diabetics (divided 
here chronologically into 2 series) in 
comparison with the normal group sup- 
port this observation. It is apparent 
that the percentage of albumin in the 
protein was consistently lower and that 
of globulin consistently higher in the 
diabetic than in the normal group. We 
have included in this table the electro- 
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phoretic analyses of Taylor and Keys!* 
on 8 normal persons. These are in es- 
sential agreement both in range and 
average with our normals. 

Analysis of the data as regards the 
cystine content of the albumin and 
“lobulin indicates in each fraction some 
tendency for a decreased percentage 


in the diabetic group as compared with 


that in many instances the mathemati- 
cal averaging of results may easily mask 
trends which mav be of physiological 
significance. The downward trend in 
cystine values which we have observed 
is accompanied by marked variability 
which mav be a reflection, to some ex- 
tent, of the status of the diabetic condi- 
tion at the time the blood sample was 


the normal group (Fig. 4). The evi- — taken. 
100 ALBUMIN | GLOBULIN 
NORMAL 
19 DIABETIC oO 


Per cent of Cases 
ho 
oO 


[| 


UNDER 5.50 550-649 6.SO-OVERITUNDER 250 250 —349 3500VER 
TOTAL CYSTINE gm. per cent 
Bi +, —( parison of the total cystine content of serum albumin and globulin in normal 


dence suggests the presence In some 
diabetic serum of protein deficient in 
cystine and would indicate the de- 
ficiency more likely to be associated 
with the globulin fraction. This ten- 
dency is indica 
culated from t 


Thus the average found for the per cent 


ted also in averages cal 
he data used in Fig. 4. 
of total cystine in the globulin in the 
diabetic group is 2.34 as compared with 
2.87% tor the normal group and 2.804 
as the normal value given bv Brand*. 
In the albumin fraction no appreciable 
difference is found in the average. 5.47% 
S-S cale. acid) in the diabetic group 
compared with 5.58¢ for our normals 
and 5.57 as the average normal value 
given by Brand*. The range, however 
in the diabetic group is significantly 
greater in the diabetic series, 4.24 to 
6.60 as compared with 5.30 to 6.00 for 
the normals. Our data lead us to believe 


individu ils 


Variability in total cystine in serum 
of diabetic individuals. In several in- 
stances more than one blood sample 
was taken on the same individual at 
varving time intervals. In the normal 
group in 10 different individuals 2 o1 
more blood samples were taken at dif- 
terent times in relation to food during 
a period of 6 months. to 2' years. A 
striking constancy was observed in the 
serum cystine of these individuals with 
an even greater constancy in the cys- 
tine-protein ratio, the 22 analyses on 
the 10 individuals showing a standard 
deviation in the cystine-protein ratios of 
+ 0.569, with each individual maintain- 
ing an almost constant ratio. In 9 dia- 
betic individuals 2 to 4 samples were 
taken similarly at different time inter- 
vals: in 3 cases 2 samples were taken 
on the same day, 1 fasting and 1 at 1] 
A. M. In 4 cases the blood samples 


to 
oft 
| 
| 
| | 
| 
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taken before and after treatment 
for diabetic In contrast to the 
constancy observed in the normals. the 
20 analyses on these 9 patients exhibited 


marked 


deviation in the 


were 


coma. 


variation, showing a standard 
cystine- prote in ratios 
of + 1.535 with significant shifts occur- 


ring in some patients during a period of 


only a few hours. The complete data 
are given in Table 3. In those diabetics 
PABLI POTAL CYSTINE AND ‘TOTAL 
\T VARYING TIMI 
1 Cy 
( Py 
\ D R 
’ 
ri 
I +4 
} H 
I 
is 
F Fasting 
Ad amy 
Sar ipl x 
having a fasting and an 11 o'clock sam- 


ple taken on the day, 
ible rise occurred in the percentage of 
in the globulin. Thus, data 

Table that in 
‘from 1.6% fasting to 
was observed. 


same an appreci- 
total evstine 
ot given in 3 indicate 
ise 2 an increase 
at LL A. M. 
rom 2.50 to 2.9, and in 


» 4.9%. Although the 


ensive, the 


in Case 3 

Case 4 from 3.3 

data are not ex- 

diabetic 

roup are striking in comparison with 
| | 

Whether 


noted increases in glob- 


changes in the 
he normal this vari- 
bility and the 


in cystine in the 


group. 


3 cases observed may 
ve related to insulin therapy is proble- 
natical, but results of animal work sug- 
est such a possibility. 

Our first. 


Discussion data indicate, 


HYDROLYZABLE 


PROTEIN IN SERUM 
INTERVALS IN NORMAL 


CYSTINE IN) BLOOD SERUM 303 
a trend in the diabetic for an actual de- 
crease in the total cystine of the serum 
with a consequent tendency for a low 
The decrease of 
may occur in either fraction of 
the serum protein but is more often 
found in the globulin fraction. 
there is a definite 


cystine -prote in ratio. 
cystine 


Second, 
tendency in the dia- 
betic for an increased serum globulin 
with a A/G Third, 


decreased ratio. 


AND THE CYSTINE-PROTEIN RATIO 
AND DIABETIC PERSONS 


D 
/ Tota Cystir 
( Prot Protein 
Vo. D 1 Rat 
2/1/4 I 2 1] 
7 1S 70 2 
14s 7.2 10 
4s iM 70 
SIS ( fi 
AS | 
( 7 4 10 
( 
fte 


repeated analyses over periods of time, 
the individual diabetic shows a greater 
degree of fluctuation than the normal 
person in serum protein concentration, 
in total cystine content of the protein 
and in the evstine- protein ratio. 

As reg: irds the cystine content of the 
blood proteins in diabetes, we have 
found instances in which 
this amino acid in 
the blood of diabetics have been re- 
corded. Lang and Braun’ reported 1 
diabetic case with cystine values for 
2 fractions of the serum globulin sig- 
nificantly lower than the corresponding 
averages for 10 normal persons. Balint 
et al' give a normal average of 3.50%, 
and give 1 case of diabetes as 2.88% 


verv tew 


measurements of 


| ABI CYSTIN IN » SERUM 
rote was USING this method ot tractionation on 
s in diabetes have pathological blood, although it is gen 
S eral workers eters erally conceded to hye satistactory tol 
heerved slightly rat iormal hy] od The criterion as to what 
nereased globulin constitutes pathol cal” blood is dit 
degree fm ficult In the ore » of 40. diabetic 
letected. | . natients on whom protein studies were 

lla h electro mace hore had lence ol clisease 
ty } t the th l diabet No blood findings 
in and hiel to our knowledge were abnormal ex 
ept blood Weal ( sone 
it el toc tero] No blood 
linemic cose up to an 
eq tof L000 per LOO has 
|= no effect on the sultate frac 
Honation as we | e used it, there 


* POTAL PROTEIN AND THE CYSTINE-PROTEIN RATIO 


IER THAN OR ACCOMPANYING DIAI res 


1) 
1) 


r t ept 
I 
t ie p esult tained 
} 
t trac \it igh the ( ition of in 
11 
re ed wered albumin 
( t S iSes ire 
I ra data regard 
th ( e ( r thre pl teins 
I t St rep ted cvs 
t ‘tine chai b in amvloidosis 
\ ( intection No comment was 
1 
true ide in these case f the ratio of total 
evstine to total protein From the 
t ! ite tl ited data we have of cystine-protei 
tf ré r the tucdic in diseases r conditions other 


t I than diabete lable 4). it mav be ob 


Ri 
( 
| 
( 
I 
| 
( 
P 
( 
| 
| 
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erved that a lowered total cystine and 


lowered cystine-protein ratio may 


occur in diseases other than diabetes 


particularly advanced nephritis. Preg 


nancy, it would appear, tends to pro 
duce lower concentrations, but it will 
be noted that in the diabetic preg 


effect is accentuated 
Phat changes serum protem 
position It} 


relation to fluctuations of 
free sulthvdrv] groups may be 


u of real 
significance in several pathological con- 
ditions has recently been shown by 
Schoenbach ct al 

lditional weight to the 


of these authors and place diabetes in 


data 


observations 


of diseases in which there 
iriation in the sulfur-contain 


ng amino acids of the serum protem., 


Mur dat iggest that in the diabetic 
t} vlobulin ot poorel 
jualit regards total evstine. even 


fraction of the protein is 


present in in reased quantity If some of 
the inherent changes predisposing to 


il carbohydrate metabolism o1 


to other pathological conditions are 


concerned with changes in glutathione 

etabo] ind to shifts in the closely 

related » acids of the serum pro 

ten i approach to some tactors 

the etiology of diabetes mav be re 
led 


It has been pointed out that. in com 


rison with the normal, the diabetic 
ws considerably more variability in 
the total evstine of the serum and in 


ts relation to the serum protein. We be 
data to be 
activity 


ieve trom reported else- 
vhere that insulin and the 
tatus of control of the diabetes mav be 
factors in this variability 


Summary. 1. The total hvdrolyzabl 


We are it bted to Mrs. Norma Woodford 
e: to Dr. Jean Collins-Williams for technic 
C. Trimble f 
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al assistance 


CYSTINE IN BLOOD SERUM 


diabetic 


Or 
a 


cystine in blood serum in 52 
patients, as compared with that in 
normal individuals 
the diabetic for 


tine in the whole serum and in both the 


showed a trend in) 


a decreased total cys- 


albumin and globulin fractions of the 
the 
persons the total cystine values of the 


serum protein. In 76% of normal 
serum were betwen 325 and 375 mg, 
pel LOO. only 14% of the 
diabetics had values within this range 
and 69% had 
LOO cx 


2. In all ranges of serum protein con 


whereas 


1 
Ss low ING, pel 


centration the diabetics showed a lowe1 
cvstine-protein ratio than the normals 
The average ratio for the normals was 
1.79. for the diabetics 4.36 

3. Using NaoSO, fractionation, 467 of 
fasting diabetics, clinically free of com 
plications, showed an albumin-globulin 
none of 19 


this low. 


under L5 whereas 


Is had 


ratio 


norma ratios The low 


ratio was due to in globulin 


ICTCASE 


and a decrease in albumin. 


The 
the serum of the diabetic 


decrease of total evstine in 
was chiefly 
associated with the 
The 


total evstine in thi 


obulin-containing 
traction erage percentage ot 
globulin of the dia- 
hetic group was 2.34 as compared with 
2.ST7 in the normal group 

in the 


variability 


5. In the diabetics there was 
a striking 
in serum evstine and serum protein con- 


same. individual 
centrations and in the cvstine-protein 
ratio in contrast to a remarkable con- 
in the 
studied. It is suggested that this varia- 
bility related to the activity of 
insulin state of control of the 
diabetes at the time the blood sample 


stanev normal individuals 


mav be 


and 


Was draw lh 


and Mrs. Elizabeth Hubbard for technical assist 


ind helpful suggestions: and to D1 


rr invaluable criticism in the presentation of data 


the cateo 
be 
hough thi) 
= 
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tHE BLOOD GLUTATHIONE LEVEL AND ITS RESPONSE TO 
INSULIN IN DIABETIC AND NON-DIABETIC PATIENTS 
AND A CASE OF INSULIN RESISTANCE 
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AREN, M.D.° 
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O. Carne. 
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Medical Service and De partinent of Pathology 
Administration Hospital, Van Nuys, ¢ 


Durinc the past few vears interest 


has been focused on the possible role 
of glutathione in the pathogenesis ot 
This 


to the discovery of the diabeto- 


diabetes mellitus. has been due 


largely 
andthe 


diabetes by 


ver action of alloxan’ 


prevention of alloxan 


and other sulfhydril sub- 
stances such as cysteine, thioglycollic 
ind BAL!” 
ittractive theory which states 
that the beta cells of the islets of Lan- 

insufficient 
due to the 
utilization of their sulphur in the pro- 


cid Lazarow has postu- 


lated an 


cerhans mav contain an 


mount of glutathione 


luction of insulin which contains a 


large amount of sulphur (3%) in the 


result, these 


susceptible to the 


torm ot cystine'-. As a 


ells are more 


lestructive action of toxic substances 


uch as alloxan than are other tissues. 

Conn and co-workers have supported 
this conc pt by reporting the produc- 
on of hyperglycemia, glycosuria, and 


the blood 
during the administration 


oncomitant reduction of 
vlutathione 
f{ ACTH to normal people*. In a 
later paper they reported a temporary 
the 


response to 


eversal of hyperglycemia and 


lycosuria in the intra- 


CALIFORNIA 


Birmingham Veterans 
ilifornia 


venous administration of glutathione 
ACTH". It 


postulated that an alloxan type of sub- 
stance Was produced due to the altered 


in patients receiving was 


purine metabolism, and the glutathione 
inactivated it with resultant protection 
ot the beta cells of the islets of Langer- 
hans. As vet, there is no proot that this 
occurs. 

The role of glutathione in the etiol- 
ogy of mellitus 
practical importance when one con- 


diabetes assumes 
siders the great deal of evidence show- 
ing that experimental diabetes may be 
reversible in its early stages. If gluta- 
thione were involved according to the 
above theory, its administration in very 
early cases might reverse the diabetic 
process. 

Thus the blood glutathione values 
in diabetes mellitus assumé consider- 
able interest. Sub-normal values would 
lend theory. 
There have been reports in the older 
literature stating that the blood gluta- 
thione is diminished 


support to Lazarow 


in diabetes mel- 
litus and that insulin elevates it'*°* 
17) Examination of the data presented 
does warrant such conclusions 
particularly in view of the fact that 


not 


* Reviewed in the Veterans Administration and published with the approval of the chiet 


edical director 


Phe statements and conclusions published by the authors are the result of 


eir own study and do not necessarily reflect the opinion or policy of the Veterans Admin- 


tration 
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address: 220 § 


Robertson Blvd., Beverly 
iddress: Long Beach Veterans Administration Hospital, Long Beach, Calif. 


Hills, Calif. 


307 


CAREN, CARN] 
; hetwes ) 1 
the methods employed for deter prescribed unount 
} init of sulin | ) sec 
nining glutathione have been shown 
) ( Spec en \ 
to be of questionable accuracy. termination of the hypoglycemia. The perio 
We undertook a study of the gluta f therapy varied between 3% and 4 hour 
thione blood levels in’ patients with Phis experiment was 1 tines 
the same ndividt | inst 
diabetes mellitus using one of the more 
accurate methods. A study was also 
cTal 
made of the effect of large doses of ed pa 
insulin on the blood glutathione ol tient who had diabet llit wit rked 
diabetic and non-diabetic patients. The insulin resist 
latter were patients undergoing insulin We ae 
nsulin daily tor 6 ! prior t 
therapv fol schizophrenia In addition perinent 
STUCIeS the blood glutathione al required 1) 520 ts 
insulin resistant patient with diabetes nd seoM 
ripbed dos 1 
All references to glutathione rete 
tO thi duced torm il later 
L501 thoy t 
( ted of 10 rma S t 
rfc) ed was either 
{ S S tu plast 1 
\ wer fast 4 lof | 
urvel ] 
( 19 Wu method tor DI 
} ty thi ut-pati lini 
| were lray in the 
wel Results. (,ROUI | The fastu blood 
tients reported to 
nalvzed fon ntat glutathione values normal pr 
Insulin was then administer Table 1) were found to vary between 
reated without i \ PARLE 1 NORVAL FASTING BLOOD 
lvzed for glutathione. Pre 
hematocrit value Wel 
ts 33 to 42 inclusi 
 & | nsisted ot 13 patients h spit / 
i 
il .europsvchiatric wards. All wer 1 
| rmal Phe diagnosis was chiz 2. BI 
ll but 2, and these were severe . , 
were divided into tw 
b-or lepending on whether or not tl} » Ps a 
( aS ( ) 
re 1 nsulin therapy WD 
G } { consisted of 4 patients who did s BH My Oo 
rec nsulin. A fasting blood sampk 9 4 
I h Ol ind inaly | Tor 
Iw were schizophr iit nd 
honeurotics 
G i} B lade Uy chizophreni G9 and 1] mo pel LOO ot whole 
Hants ul hock th v. Ther 
rag Oo mo el LOO 
rece 1 ising doses ot crvstalline insulin blood avel 
daily fi Monday through Friday inclusive Woodward and Fry state that the nor 
ovel period of 26 davs. Insulin _ not mal values by this method vary 
Saturdays or Sundays. Fasting blood . 
: between 25 and 41 mg. with an aver 
ipl vere analyzed for glucose and glu o 
tathion ach patient was then given the age of 34 mg. pel 100 ce 


( 


OOD GLUTATHIONE LEVEL 

Group 2. The blood glutathione 
values found in the diabetic patients is 
recorded in Table 2. All were well 


within the normal range with the ex- 


eption of one No. 9) who was found 


AND 


ITS RESPONSE TO INSULIN HOO 
as frequently as a positive. Of the 35S 
patients who received insulin, 15 were 
13 and 
no change in the post-insulin value of 


blood glutathione. The 3-hour gluta 


positive, negative, 3 showed 


to be about 7 mg. per 100 ce. above thione changes were similar in those 
the upper limit of normal. There was who did not receive insulin. Of 11 such 
no significant difference between those patients, there were 4 positive and 7 
wl had | CCl ri li | ‘gative changes in the 3-1 Ci- 
those treated with diet onlv. men. 

Insulin did not appear to cause any In Patients 1 to 9, post-insulin blood 
consistent change in the blood gluta- glucose values were determined in ad- 
thione 3 hours after administration. In dition to pre insulin values, and it can 
some instances there was an increase be seen that there was no correlation 

er the fasting value, and in others between the height of the blood sugar 

diminution. A negative change in and the glutathione level. There was 
the post-insulin’ value occurred almost no correlation between the hematocrit 

ING BLOOD GLUTATHIONE AND GLUCOSE VALUES OF DIABETIC PATIENTS, AND THE 

OF INSULIN ON THE BLOOD GLUTATHIONE HOURS AFTER ADMINISTRATION 
H 
I’ 
0 
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lutathione changes as shown 


to 


ind 


by 
Patients 33 12 inclusive. 
Group 3. The pre and post-insulin 


glutathione values in neuropsychiatric 


patents receiving large doses of in 
sulin are shown in Table 3. There was 
an increase 3% to 4 hours after receiy 
ing insulin in all cases varving from 
0.3 to 6.2 mg. per 100 cc. The average 


Increase In response to doses of crystal 


line insulin ranging trom 100 to 580 
units was 3.4 mg. per 100 cc. By com 
paring the increase in each patient 
during the 3 experiments it can be 


seen that the change was not constant 


CARNI 


attributed to the marked perspiration 
caused by the prolonged hypoglycemia. 
In view of the fact that glutathione is 
thought to reside in the red cell only 
belie ved 
that the post-insulin elevation of blood 


and not in the plasma, it is 


glutathione (average 3.3 mg. per LOO 
ce.) was due to the hemoconcentration 
rather than to a direct insulin effect 


There was no correlation between the 
magnitude of the increase of hematocrit 
and the increase of glutathion 

Table 4 lists the 


values of a group of neuropsychiatric 


fasting glutathione 


patients who did not receive any insulin 


rABI FASTING BLOOD GLUTATHIONE LEVELS OF SCHIZOPHRENIC PATIENTS AND THE EFFECT 
OF CRYSTALLINE INSULIN ON THE LEVEI + HOURS AFTER ADMENISTRATION 
| 
{ 
RI} 
rt 
I N 
{ 
0 
( 
tO! ich individual There Was ho therapy The average Was 7 | ng. pel 


correlation between the dosage of in- 
sulin and the magnitude of the increase 
of blood glutathione. As an example, 
Patient | 325 units of insulin 
of 3.0 mg. per 


] 
LOO cc. In 2 later experiments he had 


received 


ind had an increase 


an increase of 4.2 and 6.1 mg. per 100 
ce. while receiving 315 and 250 units 
4 insulin respectively. 

In all cases in which hematocrit 


cle 


ations were performed there 


was an increase of the post-insulin 
value ranging from 1 to 10, averaging 
14. This mild hemoconcentration was 


100 cc. in comparison to an average of 
32.9 tor the group that received insulin 


over a 26-day period 


PABLE 4. FASTING BLOOD GLUTATHI 
ONE VALUES IN) SCHIZOPHRENIC PA 
rIENTS WHO DID NOT RECEIVE INSULIN 
PHERAPY 

Paty ust? 
BY 
2. A.B 9 3 
A.P 
H L 
iverage 


BLOOD GLUTATHIONE LEVEI 


The 


insulin 


Group 4 data pertaining to 
the resistant patient 


are recorded in Table 5. This patient's 


diabetic 


fasting blood glutathione values were 
rather constant and within the normal 
range. In 3 instances he had a_post- 
insulin glutathione rise over the fasting 
value varied between 
1.2 and 5.9 mg. per 100 ce. after receiv- 
LOO to 150 units of 


This elevation 
ing crystalline in- 
sulin. In a 4th experiment there was a 
blood 


> hours after each dose of 


decrease Determinations of 
glutathione 


150 units of crystalline insulin (3 times ) 


rABLE 5.—1! 
MELLITUS 


ASTING BLOOD GLI 
AND INSULIN RESISTANCE 


GLUTATHIONE 8 HOURS AFTER 
Insulin Glutath 
dosage mg 100 

Da nil fasting 
12-50-40 33.9 
1-49-49 3006 

1-11-50 

70" 
1-25-50 0.9 
2-20-50 54.0 

nsulin 


throughout a 12-hour period revealed 
changes of 1.8 and zero mg. per 100 ce. 

Discussion. The data presented dem- 
onstrate that the blood glutathione is 
not diminished in diabetes mellitus and 
is well within the normal limits. This 
s in agreement with the findings of 
Dogliotti and Meloni* and contrary to 
the findings of others!’ 415.17, Crit- 
ical scrutiny of the latter papers does 
not warrant the conclusion of a di- 
ninished glutathione in diabetes melli- 
tus and elevation by insulin. 

It has been stated that insulin ele- 
vates the blood glutathione, and _ this 
nay account for the normal values in 
some diabetic patients when in reality 
it is diminished. This was not borne 
ut, for the blood glutathione values 
were no higher in those patients re- 
eiving insulin as compared to those 
were treated with diet 


vho alone. 


AND 


INSULIN 


ITS RESPONSE ‘TO 
Further proof of this is shown when 
the glutathione values of the neuro- 
psychiatric patients who did not receive 
insulin are compared with those who 
were given large amounts over a 26- 
day period. There was no significant 


difference, the average of the non- 
insulin group was 37.1 mg. per 100 ce. 
while that of the insulin 


group was 
32.9 mg. In fact, the average was lower 
in the group that received insulin. 
There was no progressive increase 
in the fasting blood glutathione values 
of the same individuals during the 26- 


PATHIONE LEVELS IN A PATIENT WITH DIABETES 
AND THE EFFECT O1 
ADMINISTRATION 


INSULIN ON THE BLOOD 


one Glutathione Glutathione 
mq. /100 mg. 100 
ja hange 
4 
$1 
1S 
6 
16 8 
2.0 


day period of insulin therapy. If the 


supposition — that caused an 
elevation of blood glutathione to nor- 


insulin 


mal in diabetic patients was correct, 
one would expect the fasting values to 
hecome progressively higher as larger 
amounts of insulin were administered 
to the same individual. This is further 
the inability of in- 
sulin to influence the blood glutathione. 

We could not obtain any conclusive 
evidence that insulin caused even a 
temporary elevation of the blood glu- 
tathione. The administration of insulin 
to diabetic patients did not produce 
any consistent changes 3 hours later. 


corroboration of 


There were both positive and negative 
changes in the latter value, and both 
were of the same magnitude. The same 
results were obtained in the diabetic 
patients who were treated without in- 
sulin. The differences between the con- 


ol2 CAREN, 


trol and 3-hour samples in all cases 


were attributed to the small variations 
that may in the same individual 
at different times rather than to the 
inherent error of the method. The lat- 
ter is much smaller than the differences 
that were found. 


occul 


The administration of very large 
doses of crystalline insulin (100 to 580 
units) to the schizophrenic patients 
produced more consistent changes in 


the blood glutathione. 
There usually was an increase averag- 


post insulin 


ing 3.3 mg. per 100 ce. This was not 
thought to be significant and was at 
tributed to both a slight increase of 
the post-insulin hematocrit and the 
normal variation of the blood gluta 
thione. There was no consistency. in 
the magnitude of the increase of the 
blood glutathione in the same. indi 
vidual in each of the 3 experiments 


This plus the fact that there was no 
correlation between the dosage of in 


sulin and the degree of elevation of 
the 


glutathione speaks against this 
being a true insulin effect 

The proble m of insulin resistance in 
diabetes mellitus enigma. 
In cases the phenomenon has 
} 


remams an 
SOTIVE 
attributed to insulin neutralizing 
substances as 
ell 
found to have insulin neutralizing sub 
We then thought 


resistance to insulin might be 


demonstrated by Low 


Our insulin resistant patient was 


stances 1n his blood 
that the 
due to an abnormally high blood gluta 
thione. This was based on the observa 
tion of vitro inactivation of 
insulin glutathione. The disulfide 
the molecule are 
reduced to the sulfhvdril form resulting 
in the destruction of the hypoglycemic 
action of the hormone’*. 

Studv of the blood glutathione in 
the insulin resistant patient revealed 
it to be well within limits. 
Hence resistance could not be 
attributed to the inactivation of insulin 
by abnormally large amounts of gluta- 
thione. The in of 


the in 
by 


groups of insulin 


normal 
his 


vivo inactivation 
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insulin by glutathione has never been 
demonstrated. 

\s in the other patients insulin did 
not cause any significant change in the 
Phe re 
relation between the dosage of insulin 
The 

In 


while re 


blood glutathione Was no cor 


and the fasting blood glutathione. 


value remained rather constant 


tact, 


celving 


it was slightly higher 
340 units than on several occa 
sions when he had 520 units of insulin 
substantiation of 


daily. This is furthes 


the fact that insulin therapy does not 


elevate the blood glutathione of dia 
betic patients to spurious normal 
levels 

This work does not support the 
concept of a diminished quantity of 
clutathione being responsible for the 
destruction or impaired function of 
the beta cells of the islets of Lange 
hans in diabetes mellitus. This does not 
disprove the conce pt for low intrace] 
lular glutathione levels mav not. be 


reflected ae the blood le vel Hows Vel 


the in vitro inactivation of insulin by 


glutathione argues against the hypothe 
SIS It would be ult to of 
insulin insufficiency 


diabetes is being 


due to a diminished amount of gluta 


thione in the same cell that makes 

insulin when the former has been 

shown to irreversibly destrov insulin 
Insulin does not have anv effect on 


the blood glutathione in contradistine 
tion to ACTH which is reported to 
produce a lowering. These 2 hormones 
to be to 
each other, but in the realm of gluta 


are considered antagonistic 
thione no such antagonism appears to 
exist. 

Summary. Fasting blood glutathione 
diabetic 


patients treated with insulin and by 


values were determined in 
diet alone. The values were found to 
be within the limits of normal; 25 to 
tl mg. per 100 cc. of whole blood 
Insulin was not found to elevate the 
blood glutathione and cause spurious 
diabetes mellitus. 


normal values in 


There was no correlation between the 


OOD GLUTATHIONE LEVEI 
blood sugar and the blood glutathione. 

Large doses of cervstalline insulin 
varving between lOO and 580° units 
were not found to have any significant 
effect upon the blood glutathione of 
phvsicall normal schizophrenic pa 
tients 3 to 4 hours after administration 


Phere was no correlation between the 


AND 


ITS RESPONSE TO INSULIN de 
monary tuberculosis. It was concluded 
that his insulin resistance was not due 
to inactivation of insulin by an abnor- 
mally elevated blood glutathione. As 
in the other patients, insulin did not 
have anv influence on the blood gluta- 
thione. 


It was concluded that this work does 


dosage of insulin and the blood gluta not support the hypothesis of a dimin- 
thione ished glutathione being responsible for 
Phe blood glutathione was found the destruction or impaired function of 
to be rmal in an insulin resistant the beta cells of the islets of Langer- 
patient with diabetes mellitus and pul- hans in diabetes mellitus. 
\\ k Dr. Lester Meister for providing the patients in this study, and Mr. Harry 
\\ ! peration in this work 
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Lupus ervthematosus of the acute in the course of What had originally 
and subacute tvpes IS a svstemi dis appeared to hye lupus ervthematosus 
ease in which the skin may Or may not These lesions demonsty ited the wick 
be involved®:!4 Its general pathology Variation of tissue reaction to Many 


Nas related it to a group of conditions substances which is a characteristic 


among which are Libman-Sacks Svn- feature of disseminate lupus eryth 
lrome scleroderma! periarteritis matosus and other diseases of this 
nodosa*, dermatomvositis! rheumatoid group 
irthritis ind thromboangiitis oblit 
Case Reports. Casi D. G white 
erans To the above list. on the basis woman, aged 25. was see n August 2. 1938 
{ ] 
OT alle rou ind pathologic evidence suffering from an erupt the 4 
Rich has added rheumati fever vears” duration and remittent fever { 
Honths 
Schonlein - Henoch’s purpura, serum 
Examination revealed s] rply reated 
sickness and certain drug reactions 
ervthematous,.  s¢ iling pate thre 1COKS 
notably some aspects of sulfonamide the bridge of the nose. th rs and the s I 
ind iodine s nsitivity Other findings included cer il aden pathy 
nd ¢ infected tor 
Phe basic pathologic process all enlarged ted | 
t] . During hospitalizatior the patient ran a 
101 
IONS las Variously onsistent low Grade afterno 1 fever 99.6 to 
Clé scribed as diffuse collagen disease! LOO°F The sedimentatior rate was 71 mm 
a primary \ isculitis2°. or vascular hy per hour normal re idin 5 to 20 per 
Si to 
per-sensitivity In lupus ervthemato- hour ind the Teukocyte count was 3500 t 
A 6000 \ chest roentgenogram showed 
sus many of the clinical and pathologic a , 
healed primary tuberculous complex Phe 
features of the othe r members of this tuberculin test (1:1.000 000 Was positive 
Croup are in evidence from time to Gynecologic examination revealed « hronic ure 
time thritis endocervicitis ind Upingo-oophoritis 
Staph. a oly tic Strep. hemolyticus 
[t is the purpose of this paper to ph. aureus hae m lyti " } hie wu 
: Strep. viridans, and a non hemolvtic strep 
“veseribe 3 patients in whom a variety tococcus were repeatedly cultured from th 
t significant skin lesions were noted cervix, the urine, the sinuses and the throat 
Win ton-Salem, N.¢ 
Present addr Re iding Pennsylvania 
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extremely dilute 
organisms showed 


Intradermal testing with 
concentrations of all these 
pronounced hypersensitivity. The skin biopsy 
was reported as lupus erythematosus. Several 
with followed 


extraction of an infected 


exacerbations fever 


tonsillectomy, the 


utaneous 


tooth, the appearance of an active urinary 
infection and injections of autogenous vac- 

After a short remission, new skin lesions be- 


1939, later 
illed lupus erythematosus pro- 


ran to ippear in assuming a new 


haracte! 
wit deep seated diffuse edematous 


lesions Li SIONS clinically 


i diagnosis ot papulo necrot 


uber ili were observed on the extremities 
Phere jomnt pains low grace fever 
leuk« penia, pe lvie infection, evstitis and left 

led pvelit Sulfanilamide was administered 
| ntinued when ulceration of the 

i throat and vagina deve loped Dilatation 
f the left ureter and estrogen therapy pre 
ipitated exacerbation of the skin lesions 
with fever. In June, 1942, after a remission 
f 2 vear there was a dissemination of the 
eruption \ left) tubo-ovarian abscess was 
found tor which panhvsterectomv was per 
formed. Marked linprovement followed this 
procedure (see re port of this case by Rose and 
Pillsbury In May, 1945 painful erythema 
iodosum-like lk sions ippeared on both lower 
extremities with intermittent fever. In January, 
1947 the patient deve loped ervthematous 


purple te under nodules neay4r both ankles and 


n the anterior surface of both lower legs 
Biopsy of one of these lesions was reported 
periarteritis nodosa (Dr. Herman Beerman 


In September marked persistent swel 

gy oF | pronounced on the 
right, w ted. After a number of weeks it 
lisappeared following 2 injections of tetra 
chloride. In October. 1948 
ns of the lumbar vertebrae. tak 
bac kache. revealed a 
lestructive process, probably tuberculous, in 
volving T-11, T-12, L-3 and L-4. The cuta 


more 


entgenogra 


n hex ot SEVCTE 


is lesions were then entirely quiescent, 
trophic itricial and pigmented 
Comment. This case illustrates the 


clinical succession of several types of 
lupus erythematosus lesions in the skin. 
the discoid 
punctuated by several bouts 
t subacute 


eginning with chronic 


variety 
disseminated 
lupus erythematosus, and marked on 
one occasion by the development of 
the profundus variety of this disease’. 
Of particular interest is the develop- 
ment of 


and acute 


skin lesions similar to those 
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found at times in other members of 
the group of systemic diseases men- 
tioned previously. These included pap- 
tuberculid-like lesions", 
erythema nodosum, acute diffuse non- 
inflammatory swelling of the extrem- 
ities. and lesions which clinically and 


were compatible with 


ulo-necrotic 


histologically 
periarteritis nodosa. 

The multiple chronic foci of intec- 
tion, the acute exacerbations following 


their disturbances and the varying 
vascular cutaneous manifestations are 
features that conform to a_ general 
anaphylactoid and vascular pattern. 

Case 2: RB. I a white woman, aged 38, 
was seen on August 10, 1948. She had _ suf- 
fered from an eruption of the face, ears and 


the V of the neck since 1938, diagnosed as 
chronic discoid lupus erythematosus. In Janu- 
arv, L948, successive crops of nodules devel- 
oped, usually associate d with chills and fever, 
and lasting about 4 to 6 weeks. Since the 
age of 16, she had had attacks of numbness 
and coldness and blanching of the fingers. 
Iwo attacks of afebrile “scarlet fever’, the 
2nd after the use of a sulfonamide prepara- 
tion, were diagnosed in 1938 and 1942. With 
the subsequent administration of a sulfona- 
mide drug 1 vear later, a diffuse rash again 
appeare d 

Phe patient was undernourished, pale and 
looked older than her stated age. An erup- 
tion consisting of white, de pressed, scaling 
scars. Was present on the nose, cheeks, left 
temple, V of the neck. above the right eve 
ind behind the left ear. The legs and, to a 
lesser extent, the arms and the lower abdomen 
were the sites of 12 to 15 lesions of a different 
tvpe in various stages of evolution. The ear- 
liest of these tender, subcutaneous infil- 
trations 1 to 3 cm. in diameter? Others were 
attached to and produced redness of the over- 
lving skin. The older hard, 
sharnly demarcated, non-tender, pea-sized to 


were 


lesions were 


almond sized nodules 


The blood picture, except for a hemo- 
globin of 60%, was normal. The urinalyses 
were essentially normal. The sedimentation 


rate was 91 to 100 mm. per hour. Roentgen ray 
examination of the chest revealed pleural 
thickening of the left apex and left hilum. 
An intravenous urogram showed intrarenal 
calcifications of the right kidney and evi- 
dences of an old pyelo-nephritis in the left 
kidney. A skin biopsy of one of the nodules 
on the thigh was diagnosed as erythema 


nodosum. The intra-cutaneous tuberculin 


and ni 
compatible wit} 
pat e with 


' 
{ 
| 
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Comment. This patient suffered from 
] 


he acute tulminating type of dissemin 


ite lupus ervthematosus with vascular 


omplications of hvpertension, retino 


pathy nephritis adhesive pericarditis 
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valvular endocarditis and widespread 
Similan ot 


complications are also COMMON Mani- 


purpura types vascular 


restatwons periarteritis nodosa. The 
narked degeneration of the 


found here is of interest in relating this 


adrenals 


dist ise to S¢ lye S expr rimental “gener- 

i idapt ition syndrome’ where 

idvanced idrenal changes have been 

described in association with hype rten- 


wid 


vasculan damage. 


Discussion. Some cutaneous manites- 


ions of a rather unusual character 


ilk SVSU 


led herein 


lupus ervthematosus are 
in order to emphasize 
this 


generalized vascular phi 


between clisease 


and the 

such 


nomena as periarteritis nodosa 


dermatomyositis, scleroderma. throm 


rheumatoid — ar- 


anc 


In 
may 
to 
ot 
experi- 


angiitis obliterans 


thritis inaphvlactoid purpura 


ictivity to sulfonamides. 
id 2 the 
ited cl focus ot 


the 


upus rvthe matosus 


VaSCUlar Te 


Cases 1 ai sulfonamides 


infection 


; 


it 


roduc 


acute manifestations 


Rich's 


ntal evidence emphasizes the role 


t the sulfonamides 


in precipitating 


of this type in an appropriately 


prepare | tissue. Exacerbations of the 
chronic discoid type of lupus ervthema- 
tosus following sulfonamide therapy 
have been described by Barber*. and 


in eruption simulating lupus ervthe 
matosus has been reported by Hoff- 
sensitization to 
The of 
nfection and a high degree of reactiv- 
ity to disturbance of to the 


injection of bacteria derived from these 


man is a reaction 


Zole 


multiple foci 


these. or 


foci, indicates a wide spread hyperergic 
Rich’s!® 


generalized vascular allergy. 


state in accordance with con- 
cept ot 

[he idea that multiple antigen reactiv- 
ity plays a role in precipitating lupus 
erythematosus by 
\vavazian and Badger! who reported 


i relatively high 


was emphasized 


acute 
lupus erythematosus among a group 
student 


incidence of 
nurses following reactions 


to a series of routine prophylactic 
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proceaur S Sue h as STATE POX VacClihla- 

tion and diphtheria and scarlet fever 

immunizations. Experimental evidence 


for an unusual degree of antibody 
response in lupus erythematosus fol- 
lowing blood transfusion been 
offered by Callender and KRace*t. In 
addition, Hopkins and Burky* have de 


of the 


skin of patients with lupus ervthema- 


has 


scribed an enhanced reactivity 


tosus to staphylococcus toxin. 

‘| he pre sence of Ray naud Ss svndrome 
tends to link lupus erythematosus with 
QObliteration of 
its association 
In this connection 
the report of Hausner and Allen’ called 


acrosclerosis the ulnar 


artery mav show with 


Buergers disease 


ittention to the widespread nature of 
some cases of thromboangiitis oblit 
erans. Case 3 emphasizes the similarity 
between icute lupus ervthematosus 


and periarteritis nodosa in the form 
of hypertension, vascular retinopathy 
nephritis ind purpura. 

These 3 cases seem to supply evi 
dence for the conce pt that the S\ stemic 
varieties of lupus ervthematosus re P 
resent a generalized vascular and aller- 
gic type of reactivity in which multiple 
allergens may play an important role 
‘| he be induced by the aC- 
tion of numerous foci of infection sup- 
plying a susceptible vascular tree with 
a continuous of aller- 


genic material. Certain influences, such 


bombardment 


aS ¢ \posure ti 


» sunlight or the use of 
sulfonamides, may act as precipitating 
factors on a well prepared or a spec- 
ifically charged terrain'’. Since lupus 
erythematosus is theoretically related 
to the other diffuse vascular anaphylac- 
toid disturbances, it is not strange that 
an occasional cutaneous manifestation 
of this disease mimics those found in 
some other members of this group. 
The role that the adrenals may play 
in the etiology of lupus erythematosus 
well ot of this 
group, has been suggested by the work 
of Selve’’ on the “adaptation  syn- 


drome’, where experimentally 


as as other members 


—_ 
| 


SHAFFER, JAMES, 
vascular changes have been observed. 
In addition, the recent report of Hench 
al.' the effect of cortisone and 
pituitary adreno-corticotropic hormone 
ACTH rheumatoid arthritis has 
led to a suggestion of the possible ac- 
tion of 


et on 


on 


these agents on lupus ervthe- 


PILLSBURY: 


this disease and a group of related en- 
tities in which diffuse collagenous and 
vascular changes are the fundamental 
pathologic features. 

A Clinical evidence IS presented to 


re emphasize the role that widespread 


g hyperergic reactivity to multitudinous 
Alreac \ 


matosus preliminary work has antigens plays in inducing these vascu- 
indicated that these substances may lar alterations. 
be of value in inducing remissions in 3. Certain precipitating factors such 


acute ervthematosus. 
Summary and Conclusions. 1. Three 


cases of systemic lupus ervthematosus 


as sunlight and the sulfonamides are 
suggested as possible inciting elements 


in the of this 
presumably acting in an appropriately 


exacerbations disease 


are described with some unusual cuta 
neous manifestations having a common 


prepared vascular terrain 
pathologic 


1. The important role of the adrenal 
cortex in vascular physiology, as eluci- 


denominator in vascular 


damage These lesions included a 


papulo-necrotic tuberculid-like erup- dated by Selye’s “alarm reaction”? 
tion, erythema nodosum, periarteritis studies, and the effect of cortisone in 
nodosa, gross vascular occlusion, Rav- inducing remissions in acute lupus 


naud’s svndrome, diffuse swelling of ervthematosus are collateral suggestive 


the legs and gross gangrene of the skin. evidence that the vascular system is 
They are presented here as cutaneous the basic pathologic locus of this 
exampl s of the connection between disease 
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CHRONIC GLOMERULONEPHRITIS WITH SEVERE 
RENAL TUBULAR CALCIFICATION ° 
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CHIEI LABORATORY SERVICI 


IN MEDICINI 


WARREN COGGESHALL. 
RESIDEN1 


AND 
T. Levin, M.D. 
RADIOLOGY SERVICE? 


re ithe De partinent ot Pathology 


AN instance of marked renal calcifi- 
cation associated with chronic glom 
erulonephritis was recently observed by 
us, and a search of the literature indi- 
cated that this is a finding of extreme 
rarity. In fact, only one previous case 
has been reported®. The calcification 
in our case, as in the previously re- 
limited to the 


was of such an 


ported One 
oluted 


= 


Was 


tubules and 
degree as to be clearly visible 
in plain roentgenograms of ‘the ab- 
Fig. 1). Vaughan et al. 
the subject, including the 
biochemical considerations, very thor- 


lome 


rey iewed 


uighly and it is not deemed necessary 
to discuss these aspects in detail. How- 
ver, the unusual nature of the disease 
warrants recording in the literature. 
Case Report. The patient, a 30-year old 
hite male, entered the Veterans Administra- 
m Hospital on June 8, 1949, with the com- 
tint of acute abdominal pain which had 
een present for 1S Prior to this 
had been working daily and had noted no 
bnormalities 


tatigability 


hours. 


except for some increase in 
Phe pain was in the mid epi 
istrium and had awakened him from sleep 
rty-eight hours before admission. It 


ersisted the following day and was of 


Medicine 
Hospital, Indianapolis 


and Radiology, Veterans Administration 


22 Indiana 


similar intensity, and on that day no 


additional syinptoms were noted. Twenty- 
four hours prior to admission the patient 
had retired for the night with the above 
s\mptoms, but on awakening the follow 
ing morning the abdominal pain had dis 
appeared and he had felt well enough to 
return to work. Shortly after returning to 
work, the midepigastric pain recurred and 
was severe enough to cause the patient to 


seek aid from his physic ian, who immedi- 
ately at another hospital. 
Later in the dav the patient was referred to 


hospitalize d him 


this institution 
Past history revealed that — the patient 
had enjoved excellent health until 1940, 


at which time he had an episode of ill- 


ness, characterized by edema of the = ab- 
domen, scrotum, and lower extremities 
issociated with “coffee colored” urine. He 
was confined to bed at that time for 

months and apparently made an_ excellent 


recoverv, for he returned to work, and 
was accepted into the armed forces in 
1941. Approximately 1 year following his 
entry into the army, he became ill again 
with symptoms of generalized abdominal 


pain, swelling of the lower extremities and 
dark urine. The patient was hospitalized for 
10 months, during which 
told that his blood 
He was subsequently 
with the 
glomerulonephritis 


time he 
elevated. 
from the 
diagnoses of chronic 
and malaria. then 
returned to his job as a telephone lineman 


was 
pressure was 
discharged 


service 


* Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result of 


\dministration 


eir own study and do not necessarily reflect the opinion or policy of the Veterans 


** Present address Indianapolis Clinic, Indianapolis, Ind. 
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ind remained in good health until this 
present episode. The body weight had been 
constant 


Phy il 


vealed a dehydrated 


examination on admission re 


white mal 
Vomiting 


examination. His 


very pal 


about vears OF age occurred 


several times during the 


face appeared slightly puffy, 
blood 
100 and the 


gene ralized 


spe ially 
about the eves The 
130/80, the pulse 


102. He had 


which was 


pressure wits 
temperature 
abdominal ten 
more marked in the 
Considerabk 


abdomen 


de mess 


uppe I 
splinting of the 


lett qu idrant 
Was noted, but 
Bowe | 


examination was 


no distention was present sounds 


were heard and rectal 
negative 
Laboratory 
the following [The urine had a 
1.010 and contained 


2 plus 


studies on admission revealed 
spe ( itic 
gravity ol many 


gran 
cells 
numerous red 
power field. The red 
found to be 2,540 
hemoglobin 8.8 om 
6,.200/c.mm 


ular casts albumin, 20 pus 


per high field and 
blood high 
blood count was 
VOU /c.mm and the 
The leukocytes numbered 
differential 
protein nitrogen was 150 mg./100 ce. 
the serum calcium 9 mg./100 cc., the CO, 


powe I 


cells pel 


with a normal count. The non 


volumes %, the 
blood 


sodium 


combining power! serum 
hlorid 
ch 


chloride 


phosphorus 4.1 mg., the 
248 me ind the blood 
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109 mg total erum protein was 
5.73 gm. with 3.0) on of albumin and 
2.73 gm. of globulin \ 24-hour urine 


caleium / 100 


specimen cont iined ) ot 
( film of thie ibdomen Was 


plain 


taken, and it was ted that the kidney 
shadows were very clearly outlined because 
of difhuse homogeneous calcification (Fig. 1 
The kidney shadows were unusually small 
the right measuring LO by 5 em. and the 
lett 11 by 4 em 

Because ot the iwidosis and 
persistent vomiting, the patient was treated 
with intravenous feedings. Thess msisted 
ot daily blood transfusions 250 oct 
lactate Ringer's solution, 1/6 molar lactate 
small amounts of normal saline ind 10 
glucose. The patient was given a total of 
2500 ce. daily in varying amounts of the 
above fluids according to the blood chem 


fluid. During 
hospital stay the 
L900. 


calculated loss of 
week ot 
output 


istry and 
the first 
total urinary 
to 4450 c 


iried trom 


every 24 hours, and thereatter the 


output) approxir itely 2000 cx per 
day Following the first week the patient 
was able to take oral fluids and the ab 


cdominal symptoms cleared Phe 


to normal on the Sth hos- 


te mpera 


ture returned 


pital day The intravenous feedings were 
discontinued at that t 
Another urine analysis revealed persistent 


Fic. | 


Roentgenogram of abdomen, showing 


marked calcification of kidneys and reduction 


in their size. 


wilt 
¥ 
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ilbuminuria, white blood cells and 8 to 10 
d blood cells per high powe! field. The 
fi I ty remained fixed at 1.010. The 
nprotein nitrogen fell to lOO mg. and re 
ned at that level until discharge. The 

() nbining power rose to 50 volumes %. 
blood dium chloride rose to 550 mg 

the blood chloride to 336 mg. The 


LEVIN: 
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be diminished in size, each weighing 90 gm. 
The surfaces were roughened and granular 
in appearance. The capsules stripped with 
little difficulty. When the capsules were 
stripped, it was noted that there were many 
vellow, tiny, projections each less 
than | in diameter on the surfaces. The 
consistency of the kidneys was firm. On cut 
section both the cortices and medullae were 
narrowed. Throughout the renal cortex ther 
were numerous deposits of yellowish gritty 
tended to be arranged in 
linear strands. It was not present in the med- 


granular 


material, which 
ullary pyramids, although it was seen and 


felt in the cortical substance which dipped 


downward between adjacent Ps ramids. These 
clearly shown in a 


findings are roentgeno- 


Roentgenogram of a portion of a kidney, showing calcification of cortex 


pel isted in Spite ot 1500 ec. of 
blood which was given shortly before 
re Phe urea clearance was found 
| lf rmal and the phe nolsulphone 
thalein test revealed that 5% of the dve was 

ed in one-half hour. 
patient was released at his own re 
t on the 28th hospital day. Fifteen davs 
returned to the hospital in marked 
with severe suppression of urine. 


idmission the urine analysis disclosed 
1.012; 4 plus albumin; 6 
8 white blood cells per high power field; 
| 25 to 50 red blood cells per high power 
|. The erythrocyte count was 3,500,000/ 
ind the leukoevte count 16,000/c.mm 
1 normal differential. The nonprotein 
and the combin- 
The blood 
ium was 8 mg. and the inorganic phos- 
3.85 mg. The patient was criti- 
ill and vomited frequently. The urinary 
tput was recorded as being none on the first 
hospital days and approximately 1300 
on the 3rd hospital day. On the 4th 
pital day the temperature 108, 
1 the patient died. 
\t necropsy both kidneys wére found to 


ihe gravity of 


en was 375 mg 


ower was 26 volumes &. 


rus Was 


rose to 


gram of a portion of one of the kidneys ( Fig 
2). This was a generalized change but ap- 
peared to be somewhat more marked at the 
lower poles of the kidneys than at the upper 
architectural details ob- 


scured, and there appeared to be an increase 


poles. The were 
in the amount of fibrous tissue. The pelves 
and ureters were essentially normal. There 
was no evidence of disease of the lower 
genito-urinary tract. The heart weighed 440 
gm., and there was a slight increase in the 
thickness of the left ventricular myocardium 
No other changes were noted in the heart 
The parathyroid glands were unfortunately 
not removed. 

Microscopica..y, the kidneys were found 
to be the seat of extensive disease. Almost all 
of the glomeruli were abnormal in appear- 
ance. Some of them showed little evidence of 
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and thickening of the capsules, often in cres 
was seen commonly Fig. 3) 


and 
crescents seen in the Bowman's 


ot centic form 
Some ot the 


chronic disease, but thev were ischemic 
increased number 


often contained an 

polymorphonuclear neutrophilic leukocytes 

Most of the glomeruli, however, showed capsules were in the nature of epithelial pro 
ft long-standing change. Fibrosis — liferation (Fig. 4 Many of the glomeruli 


ey ice hee 


crescent. Calcification in 


i rograph of glomerulus, showing markedly fibrotic 


adjacent tubules is clearly visible. 600 


Photomicrograph of glomerulus, showing epithelial proliferation in Bowman's capsule 


Fic. 4 
There is some artefactual shrinkage 600 


fs 
a3 
ve 


ROSENBAUM, COGGESHALL, 
were fibrotic and partially hyalinized. Numer- 
ous adhesions were present between the 
glomerular tufts and the capsular epithelium 
Che tubules 
Some of the 


showed very extensive changes 


n exhibited degenerative changes 


with swelling of the cytoplasm and loss of 
nucle Many were dilated. The most striking 
finding was very extensive calcification of 
+} 


ie renal tubules (Fig. 5). This calcification 


Was In the torm ot large amorphous masses 
ind appeare d to be chiefly in the distal con 
oluted tubules. In many of them the calci- 


heation w » marked as to completely fill 


LEVIN: 
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tion of such a lesion is found in the 
standard text books on renal disease. 
The extreme rarity of this lesion brings 
up the possibility that the tubular de- 
generation and calcification are unre- 
lated to the glomerulonephritis. We 
have had the opportunity of studving 
an instance of acute lower ne phron 
nephrosis following administration of 
a sulfonamide in which there was very 
severe tubular necrosis with marked 


| ) PI 
All of the dark masses are calcific 

e tubular lumens. In those tubules where 
he calcification was most marked, the epi- 
elium was largely degenerated. A consid- 
erable degree of interstitial fibrosis was pres- 
nt and lymphocytes were seen in moderate 
umbers within the connective tissue. The 
rterioles WeOTe thic kened and frequently 
valinized and their lumens were narrowed. 


(his was particularly seen in the preglomer- 
lar arterioles. The diagnoses 
glomerulonephritis with marked 
leification of renal tubules and hypertro- 
iv of left ventricle 


pathologic 
ere chronic 


Discussion. The extreme degree of 
ibular disease noted in this patient is 
ery unusual, in fact almost unique, in 
hronic glomerulonephritis. No men- 


tomicrograph of section of kidney, showing extreme degree of tubular calcification 


material in the tubules. (x 160) 
calcium deposition. No 


. significant 
glomerular 


lesions were noted. Hoff- 
man! has observed another instance of 
lower nephron nephrosis in which cal- 
cification of both kidneys was noted on 
Roentgen-ray films taken several 
months after subsidence of the acute 
renal insufficiency. Although in the 
present case there was no history of 
lower nephron nephrosis, it is possible 
that there had been such an episode 
and that the calcification of the renal 
tubules was not an integral part of the 
chronic glomerulonephritis. In the in- 
stance reported by V aughan et al. there 


& 


ot ROSENBAUM, 


COGGESHALL, LEVIN: 
was a history of excessive calcium in- 
gestion, but no definite history of such 
a dietary abnormality could be ob- 


tained in our patient. The parathyroid 
glands were probably not implicated in 
the pathogenesis of this lesion because 
of the 


normal serum and urinary cal- 


levels, the normal serum phos 


CHRONIC: GLOMERULONEPHRITIS 
phorus determinations, and the absence 
of metastatic calcification 

Summary. 1. An instance of chronic 
diffuse glomerulonephritis with marked 
tubular calcification is described 

2. Mention is 
role ot 


mad ot 


the possibl 
lowe) nephron nephrosis in) 


producing the calcific tubular lesion 
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lure purity of the air we breathe is 
4 great interest to those whose aim is 
the improvement of the public health. 
Some think this purity as important to 
our well being as that of the water we 
drink and the food we eat. Within in- 
dustry, scientific investigation has es- 
tablished this contention beyond doubt. 
In spite of almost equal attention, the 
ir of our towns and cities remains to 
fully 


review is 


evaluated. 
concerned 


hye as 

This with a 
limited aspect of atmospheric pollu- 
tion, that which occurs in urban com- 
munities and is due to smoke; and only 
indirectly with the many contaminants 
other than smoke introduced into air 
in the industrial processes. 
Pure air has been defined as containing 
only its chemical components in proper 


course of 


AND SOCIAL 


AND EPIDEMIOLOGY 


CHARGE 


On, M.D. 

AND EPIDEMIOLOG) 
PUBLIC HEALTH 

ock, M.D 


MEDICINI 
AL, SCHOO 


CHUSETTS 


AND HYGIENI 


SIGNIFICANCE OF 
IKE POLLUTION 
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ER. Ch.F. 
ION. M.D. 


1 Industrial Hvgiene, Harvard University 


be alth. Boston, Massac husetts 


proportion and free from any air-borne 
foreign substances whatever", a state 
of perfection only approached in mid- 
ocean and on mountain tops. Pollution 
to some degree is almost universal, and 
commonly is due to a large variety of 
Smoke J. S. Owens*® has des- 
cribed as “the mixture of flue 
and suspended particles of solid or 
liquid matter which is produced by 
certain fuels in the process of combus- 
tion.” The chief fuels are coal, oil, and 


causes. 
gases 


gasoline. 

Even before the industrial revolu- 
tion, had considerable use for 
domestic purposes where supplies of 
wood were inadequate. Coal has been 
mined in England for at least a thou- 
sand years, and throughout that history 
people have disliked its smoke and 

(325 


coal 


ALC 


fe 
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feared its effect on their health?" 
The production and consumption of 
nven- 
tions of the eighteenth century became 
utilized in industry. A rapidly increas- 


ing 


coal soared as the mechanical 


population made possible by ris- 
the 


into 
more and more factory furnaces. ships. 


ing productivity, crowded — into 


cities. More and more coal went 


and locomotives. and into more and 
more home fires=" 
It seems likely that a climax in 


smoke pollution ot atmosphere may 


have been reached in England in the 
latter half of the nineteenth century 
and in America at the turn of the pres- 


and 
populations have continued to in rease 


ent century Industrialization 
contribute thei 
but the 
sources of pollution have become less 


concentrated 


oil and gasoline now 


products of combustion. 


and gas and electricity 
have become more popular, especially 
for domestic addition 
there great progress in the 
scientific control of atmospheric smoke 
pollution, stimulated by the desire for 
economy on the part of the consumer, 
and for the abatement of a nuisance by 
the population at large. 


Broadly 


purposes In 


has been 


speaking, there are three 


sources ot 


main smoke: domestic. in- 


dustrial, and from transport. The do 
the only 
one frequently the main one, and al- 
ways important. The precise part of 
smoke of domestic origin in the total 
problem is determined by climate and 
the degree to which coal is used in the 
home. The contribution of industry de- 
the 


smelters, 


mest source is sometimes 


pends on number of factories. 


foundries coal mines, 


works 


gas 
and electrical stations. 
Rail and water transport are frequently 
important sources of smoke and road 
transport through fumes 


from the combustion of oil and gaso- 


pe 


contributes 


line. 


Few people 


really like smoke. 


though many see it as the inevitable 
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industrial activity. 


without which there can be 


accompaniment of 
no pros 
perity m an industrial community. For 
at least a century, investigators have 
tried to evaluate its alleged detrimen 
health, animals 
vegetation, buildings, and other struc- 


tures. For the most part investigators 


tal effects on climate 


have confined themselves to one of 
fields. Only their 
results been pooled and the total cost 
of smoke Very 


have appreciated the 


these rarely 


have 


assessed few indeed 
desirability of 
evaluating this cost in terms of man’s 
total ecology. 


The 


disease exhibits constant 


natural history of every mass 
variations in 
distribution and frequency in response 
conditions 


to continually changing 


bizarre 
and unusual episod in the course of a 


The epidemic is a relatively 
disease and quite itvpical of the en 


demic or usual state of affairs. Smog 
the most 
which occurred in the 
Meuse. Valley in 1930°° and in Donora 
Pennsylvania, in 194878. It 


sonable to suggest that these catastro 


too. produces its epid mics!‘ 


notorious of 
seems rea- 


phes stand in much the same relation- 
ship to smoke pollution as do out- 
breaks of food poisoning to Salmonella 
infection. In both situations, complete 
understanding is almost certainly de 
pendent upon a study of the chronic 
endemic problems 

Within a onset of ex 
ceptionally thick fog, in the Belgian 
incident 64 people died and in the 
American, 20, both instances 
hundreds severely ill. The 
population at risk was about 13,000 in 
unknown in the Meuse 
Valley, though it was estimated that 
the deaths represented a tenfold great 
er than normal mortality in the muni- 
cipalities concerned. It is probable that 
there had been at least one other simi 
lar episode in the Meuse during the 
period January 14 to January 20, 1911, 
and it is also possible that atmospheric 


tew dav S ot 


and _ in 


became 


Donora and 
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conditions may have contributed to the 
increased death rate from cardiovascu- 
lar disease in Donora in April, 1945. 
Both valleys have many features in 
common, particularly jin the nature 
and degree of industrialization and in 
the relatively greater contributions of 
industrial, as opposed to domestic, 
sources to atmospheric pollution. Both 
epidemics were precipitated by almost 
identical meteorological conditions. 
Largely as a result of the Donora 
disaster, there exists at this time con- 
siderable public and. official interest 
in the problems of atmospheric pollu- 
tion. It is natural that with this as the 
stimulus, emphasis is being placed on 
air pollution as a hazard to health. 
Dyktor?® has noted with regret that 
there is greater interest in the results 
of air pollution than in its causes. It 
is the total well being of man that must 
be considered, and that depends not 
only upon the state of his lungs. but 
upon the sources of his livelihood. 
Epidemiology, which has been de- 
fined as medical ecology**, is concerned 
with the study of community health 
in its broadest sense, in relation to a 
total environment which has physical, 
biologic, and social components. It 
therefore, that the 
epidemiologic method can contribute 


seems probable, 


in an approach to a problem so _ inti- 
mately connected with many aspects 
of health, wealth, and happiness. 

The Epidemiologic Problems. The 
usual situation in mass pathology of 
human populations is to have at hand 
in established disease entity. The epi- 
demiologie problem resolves into a 
search for the agent of disease that 
incites the process, or if that be known, 
into a study of its character and activi- 
ties. The second objective is an analy- 
is of those other environmental factors 
which act in determining the incidence 
ind prevalence of the condition. In the 
present instance, the position is re- 
versed, The start is with a suspected 


agent to which man, the host, is sub- 
jected under a variety of environmental 
conditions, but with no clear certainty 
that any disease results. Without dem- 
onstrated indices of disease, be they of 
death, disability, or defect, further ex- 
ploration is purposeless. The first need 
is to examine those diseases which 
seem to have a possible relationship 
to atmospheric smoke pollution or have 
been suspected of such an association. 

Objection has been made that smoke 
produces no disease peculiar to itself, 
and is but a contributing factor in 
diseases having other causative fac- 
tors®*. This is to lose sight of the ecolog- 
ic concept of mass disease**, that dis- 
ease is the resultant of manv forces 
that arise 
from the environment in which the 
host lives. Multiple causation of origin 
and course is a principle, applying to 
all mass disease and mass injury. The 
direct agent of disease is but one fea- 
ture of a disease-producing complex 
that lies within environment. For con- 
venience it is frequently detached for 
separate — study, principally because 
that fits so well with clinical investiga- 
tion based on a_ specific etiology. 
Smoke, or any other potential agent of 
disease, thus expectedly acts in associ- 
ation with many other causative fac- 
tors, sometimes dominantly and some- 


variously from a host and 


times in a secondary role. 

Atmosphe ric smoke is not one, but a 
mixture, of many potential agents, and 
the concentration of each varies in 
time and place. Each requires defini- 
tion and study in order that an accu- 
rate dosage scale may be determined 
in terms of concentration multiplied 
by time of exposure. The rhythm and 
frequency of dosage may be of im- 
portance. Further information is 
quired of the extent to which the 
agents present are antagonistic or 
synergistic in their action. 

“In the study of the host faetor, at- 


tention is directed to the influence of 


ly 
- 
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age, sex, and race in determining the 
power of the agent to harm man. It 
would be interesting to know some 
thing of the occurrence of natural re- 
sistance and undue susceptibility, and 
whether these qualities mav be ac- 
quired. 

The inte1 relationship of smoke and 
environment is complex. Physical fac- 
tors of weather and terrain greatly in- 
Smoke, in 


certain conditions of tem 


Huence its concentration. 


turn, unde1 
perature and humidity produces fog 
interferes quantitatively and qualita 
tively with sunlight, erodes metal and 
stone, and makes dirtv evervthing with 
which it comes into contact. Biological 


factors of the environment do not ap 


pear to have any important influence 
on smoke, but the effect of smoke on 
animals, plants, and bacteria mav_ be 
considerable. Socio-economic — factors 


related 
dustrialization 


to degree and nature of in 


methods of heating 
crowding and population density, and 
means of transport are measurable and 
of obvious importance. The evaluation 
of the socio-economic effect of smoke. 
whether by waste of fuel or secondary 
to its action on the physical and biolog- 
ical environment. presents a difficult 
and complex task 

smoke 
pollution on man are both direct and 
Health may 
as a result of changes made 
Thus 


with sunlight conceivably 


The effects of atmospheric 
indirect be influenced in 
directly 
by smoke in man’s environment 
interference 
results in psychologic and metabolic 
risk of air- 
and even in 


disturbances, in increased 


borne infection. lower 
general resistance to disease. 


The direct effect of host 
might be due in theory to cutaneous 


agent on 


contact, ingestion, or inhalation. 
though only the last seems likely. We 
should therefore direct our attention 
to respiratory disease, both inflamma- 
tory and neoplastic. 

\ difficulty this 


presents itself at 
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point because names of diseases do 
not always have the same significance 
to different people at different times 
different 


trends in popularity of disease 


and in places. There are 
diag 
hoses dependent upon current medical 
theory and upon facilities for diagno 
sis. This is a common epidemiological 


problem, but of more than usual im- 


portance in this study Bronchitis 
pneumonia, and cardiac diseases are 
closely related It may 


be difficult o1 impossible to determine 
thei 
which is the primary condition in an 
But 
the doctor 
death 


greatly 


either relative Importance Oo! 


individual some decision must be 
made by when he writes a 
sickness or certihcate. Custom 
varies from place to ‘place 
It is likely that 


much of the bronchitis of Great Britain 


and country to country 
would be diagnosed as pneumonia on 
[ nited States 
erse is true. A 
second difficulty is that the frequency 


cardiac failure the 


and of course the rev 


of diagnosis of cancer of the respira 


tory tract varies with many factors 
other than its absolute and true in 
cidence* It is sufficient to sav here 
that we must beware of making com 


not justified 
Disease. \ 


completely combustible fuel consumed 


parisons which are 


Smoke as an Agent of 
efficiently will result in carbon dioxide 
and water. These are constant products 
of combustion fortunately are 
harmless. The greater concern is with 
the products of imperfect fuel and of 
Such fuel 


gives rise to ash and to volatile sub- 


incomplete combustion 


stances which are either not inflam- 
mable or not always burned complete- 
lv. Combustible impurities such as sul 
phur mav give rise to additional end 
products, in this case sulphur dioxide 
From incomplete combustion, particles 
of the fuel 

hvdrocarbons, 


are liberated. 


and of carbon. gaseous 


and carbon monoxide 


Polluting substances introduced: into 
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tir through smoke are in three main 
categories: 

l. PARTICULATE MATTER: solid par- 
ticles of carbon, coal and mineral 
ish. In size they vary from 0.01, to 
1004 or more in diameter*®>, The 
particles contain silica in proportion 
to the silica content of the fuel. The 
average silica content of the sus- 
pended matter, as analyzed in 14 
American cities for the vears 1930- 
1933, was found to be 12%. 

2. Liguip MATTER: arising trom 
the destructive distillation of the 
tuel, chemically complex, but  pre- 
senting as a carbonaceous tarry 
substance. 

VAPORS AND GASES: which in- 
clude gaseous hydrocarbons, carbon 
monoxide and dioxide, sulphur diox- 
ide and trioxide, oxides of nitrogen, 
hydrofluoric acid, and fluorides. 
Much of this added material even- 

tually settles or is carried to the earth 
by water. It may be divided into water 
soluble and insoluble portions. The lat- 
ter contains most of the particulate and 
tarry matter, some of which is soluble 
carbon bisulphide and then de- 
scribed as “tar”. In solution are found 
sulphur in the form of sulphites and 
sulphates, chlorine, ammonia, lime, and 
tree 

The oxides of sulphur are water- 
soluble and readily form  sulphurous 
ind sulphuric acids in moist air. In the 
presence of sunlight, sulphurous acid 
undergoes oxidation to sulphuric 
icid**», The rate of this change is slow 
nder normal conditions, but is in- 
creased when air movement is slight*® 
ind by the presence of dust particles 
which act aS a catalyst, particularly 
vhen metallic in nature*», 

Even in cities where pollution is 
onsidered severe, the concentration 
of sulphur dioxide seldom rises above 
2 p.p.m.°!. It has been calculated that 
n central St. Louis man is subjected 
0 a concentration above 2 p.p.m. for 


less than 20 days in 60 vears®’. In rare 
and exceptional circumstances, as in 
the Meuse Valley in December, 1930. 
and in Donora in October, 1948, the 
level may possibly have risen much 
higher, and, what is probably more 
important, remained at a high level for 
several days. 

Although much work has been done 
on air pollution by fluorine and _ its 
compounds in certain specific industrial 
circumstances! 24:87. 71a.71b_ little is 
known of their role in smoke pollution. 
Crossley'®, in an extensive investigation 
of the coal of Great Britain, found that 
its fluorine content varied from 0 to 
175 p.p.m. In most cases it was less 
than SO p-p.m. During combustion this 
fluorine is liberated either as hvdro- 
fluoric acid or as silicon tetrafluoride. 
In the destructive distillation of coal 
in the manufacture of coal gas, the 
liquor is found to contain most of the 
fluorine. 

The final results of a search for 
known or presumed carcinogenic sub- 
stances in the air of 9 British cities are 
not vet available. Benzpyrene has been 
detected in all samples so far anal- 
yvzed'', It occurs in concentrations of 
0.02ng. to 0.5ng. per cubic meter of air, 
but it is difficult to say how representa- 
tive the samples have been, and even 
more difficult to assess whether the 
finding has any real significance. 

It is not proposed to examine in de- 
tail the methods used for the measure- 
ment of atmospheric smoke pollution. 
An excellent description of some of the 
methods available and of their limita- 
tions is given by Silverman‘? and by 
the Department of Scientific and In- 
dustrial Research of Great Britain?®. 
Rough measures of solid deposit and 
of sulphur dioxide concentration can be 
obtained fairly readily from the instru- 
ments in common use. Accurate meth- 
ods of measuring the concentration of 
sulphur dioxide and the number, size. 
and composition of suspended particles 


ra: 


= 
= 
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per unit volume of air are available 
but are not frequently used. All meth 
ods, fine and coarse, have their limits 
of accuracy and of comparability, but 
most difficult is the problem of the 
interpretation of their results. The anal 
ogy is given by one writer of the 
thermometer hanging from a tree in the 
garden. The owner may read it accu 
rately but find that he cannot sav to 
what the temperature refers 
Environmental Determinants of 
Smoke. The concentration of each of 
the constituents of smoke present in 
the atmosphere depends on the bal- 
ance which exists between rates of pro- 
duction and rates of dissipation The 
tvpe of smoke produced is related 
directly to the nature of the fuel and 
to the efficiency with which it is 
burned his « ficiency depends large ly 
on the tvpe of equipment available 
The nature of the fuel or fuels used 
in any community depends on_ all 
those environmental torces physical. 
biological and socio-economic, which 
determine the dominant pattern of life 
in that area. Little is to be gained here 
from going too deeply into this eco 
logical maze. Sufficient be it to sav that 
the quantity and nature of the fuels 
used reflect the degree and type ot 
industrialization, the raw material re 
sources, prosperity, geography, topog 
raphy, and perhaps most important of 
all, the climate. Much could be deduced 
about any citv from its smoke records. 
Differences might be expected be- 
tween the pollution problems of cities 
predominantly oil-burning and_ those 
predominantly coal-burning. The prin- 
cipal fuels in Los Angeles are natural 
gas and oil, and the chief complaint 
referable to smoke is of conjunctival 
irritation, a relatively insignificant 
symptom in coal-burning towns. This 
correlation between type of fuel and 
the nature of atmospheric pollution 
was demonstrated in New York in 
1934°°. A complete record of all fuel 
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movements was kept, and the geo 
graphical sources of coal and the divi- 
sion of fuel oil between industrial and 
domestic consumers were determined 

The sulphur content of coal mani 
fests itself in the atmosphere as sulphut 
dioxide. The lower the percentage ol 
carbon in coal, the higher is that of 
ash and of the volatile hydrocarbons 
which go to build up the particulate 
and tarry components of pollution, es 
pecially when inefficiently burned. Do 
mestic opel fires are almost alwavs In 
efficient and in countries where these 
are common, bituminous coal is the 
usual fuel. Industrial installations fre 
quently burn better type fuels such as 
oil, anthracite, hard coal and coke, and 
what is more Important, more often 
possess better equipment Coke difters 
from the coal from which it is made 
in having lost almost all the tar and 
other volatile impurities and thereby 
retaining a relatively higher propor 
tion of ash. The proportions of nitrogen 
and sulphur are about the same as in 
the coal. There is an increased likeli- 
hood of incomplete combustion with 
production of carbon monoxide?" 

An interesting example of environ 
mental influence on the degree of 
smoke pollution was seen in Dublin 
during the last war. An acute coal 
shortage occurred in 1941 and the level 
of atmospheric pollution fell to about 
half that of the 3 preceding vears*®. 
Some suggestive evidence of the rela 
tively insignificant contribution which 
the steel mills make to the dust con 
tent of Pittsburgh air was obtained 
during a steel strike. Using a_ tape 
recorder, measurements of dust de 
posit per hour were found to be almost 
identical with the mills closed down, 
60% working, and fully working?™. It 
seems possible that other environment 
al changes brought about by the strike 
could have played some part in pro- 
ducing this result. 

Weather and climate, which have a 
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considerable influence on the rate of 
production of smoke from domestic 
sources, in conjunction with topo 
graphical factors control entirely its 
rate of dispersal. This knowledge is 
perhaps the most definite in the entire 
field of atmospheric pollution: tor it 
has been established by surveys In the 
Meuse Vallev®’, in 
Donora™ in los 
Pittsburgh 


can cities* 


in 


in 


and in manv other Ameri 


The removal of pollution depends 
m1 2 processes: air movement and pre 
cipitation. The interrelation of influ 
ences of gravity and air movement on 
suspended matter is complex. For a 
technical description of this problem 
the reader is referred to the work of 
others®, Thomas and 
and Church! 


\ir movement may be resolved into 


Baron and 
others* 
vertical and horizontal components. 
Vertical movement occurs the 
surface of the earth and the immedi- 
itely adjacent air are warmer than the 
ir above. The cold heavy air sinks and 
Circulation takes 
place in much the same wav as in a 


the warm air rises 


domestic hot water svstem and is 
known as turbulence. The horizontal 
component is produced by any wind 
that blows and is controlled by physi- 
al factors less local in nature. Within 
limits the 


stronger at 


horizontal component is 
altitudes. 
greatly 


higher Topo- 


graphical tactors influence 
horizontal air movement. Cities beside 
the sea or other extensive water sur- 
face are seldom without fresh breezes. 
High pressure areas, especially in val- 
levs and sheltered places, more. tre 
juently experience periods when the 
ir is still 

Turbulence is vitally important in 
the dispersal of smoke. It carries it up 
rom the earth to where winds carry it 
iway. Even in the absence of anv sub- 
tantial horizontal air movement, tur- 
bulence introduces a great diluting fac- 


tor. High smoke concentrations arise 
only when for these 
natural processes of dilution are in- 


some reason 
active. Vertical movement ceases when 
the temperature gradient is less than 
the critical level of at least 1°C cooler 
per 100 meters’ elevation”. Below the 
critical level a state of temperature in- 
version is said to exist. 

The temperature gradient 
with the time of the day and the sea- 
son of the vear and is dependent upon 
the amount of heat reaching the earth 
from the sun. During the day, the earth 
warms up and during the night it cools 
off. The temperature gradient and tur- 
bulence are theretore greatest during 
the early hours of the afternoon and 
least in the early hours of the morning. 

Smoke concentration is complicated 
bv the fact that it is produced for the 
most part during the day, and in the 


varies 


words of the Leicester survey""". 
“while the daily evcle of smoke has 
been for some time attributed to a 
diarchy of solar phenomena and human 
habits, the problem of distinguishing 
their respective spheres of influence 
has proved difficult.” Taking both fac- 
tors into consideration, it is found that 
concentration and rates of deposit are 
highest in the morning and in the late 
afternoon. 

In the winter months, the sun shines 
for fewer hours and its ravs pass 
through the atmosphere so-obliquely 
that less heat reaches the earth. Diur- 
nal temperature change is therefore 
least during the winter and air stasis 
occurs most frequently in November 
and December when the weather is 
cold. but before the winter gales. 

Thus. at a time when most smoke is 
being produced, meteorological condi- 
tions are most favorable to air stasis 
and to the building up of high smoke 
concentrations. These, together with 
low temperature and high relative 
humidity, are suitable for fog produc- 
tion®? and made perfect by the pres- 
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ence of sulphur trioxide and any other 
chemical fog producers®. A thick blan- 
ket is laid which permits even less of 
the sun's heat to reach the earth and 
something of a vicious circle is estab 
lished. Locate all these conditions in 
a highly industrialized river valley 
such as that of the Meuse or the 
Monongahela, and the stage is set for 
a disaster which sooner or later occurs. 

The influence of rain and snow on 
air pollution is subject to difference of 
opinion. Some investigators say that 
both tend to clear the air, and others 
that neither has appreciable effect 
These differences in viewpoint may be 
accounted for by the fact that both 
deposit gauge readings and lead perox 
ide sulphur measurements are mark 
edly influ nced by rall. The Leiceste1 
survey-"* concludes that their results 
“strongly suggest that rain plays a 
part in clearing the air of smoke and 
sulphur dioxide. No meteorological 
variable has so far been found which 
strongly affects the concentration of 
one form of suspended pollution while 
leaving the other unchanged.” But in 
some places, at least, the part played 
by rain is not very great. 

Willett*’, who has presented an ad 
mirable description of the influence 
of meteorological and topographical 
factors on al pollution, goes on to 
show how this knowledge may be used 
in controlling the problem. He suggests 
that an evaluation of these factors in 
any area will give a good indication of 
the potential danger of high concentra 
tions of smoke. Use is now being made 
of these factors in the siting of indus- 
trial plants. The availability of labor 
and raw materials may outweigh the 
disadvantages of high levels of smoke 
pollution, but at least the matter must 
have consideration. 

The last recommendation of the 
United States Public Health Service in 
its report on the Donora episode** 
urges the use of weather forecasting 
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so that the community may be fore 
warned of adverse conditions and take 
appropriate action. Stanford Research 
Institute*** has, after a careful study of 
the pollution problem in Los Angeles 
established a mathematical relation 
ship between smog and the characteris 
tic meteorological conditions associat 
ed with it. The Stanford Research In 
stitute Smog Index is calculated from 
measurements of wind movement, visi 
bilitv, relative humidity, mean tempe1 
ature, and the height of the tempera 
ture inversion level They claim con 
siderable accuracy in their forecasting 
of smog with the use of this index 

Smoke and Man’s Environment. The 
influence which smoke exerts on man’s 
environment appears to be overwhelm 
ingly detrimental. The sole possible ex 
ception is its weak bactericidal 
action’. Even this effect is neutralized 
to some degree by the shield it pro 
vides for organisms against the lethal 
effect of sunlight. This interference 
with sunlight has claimed the attention 
of many investigators 

Drinker and othe rs recorded hours 
of daylight in Boston in 1928—1929 and 
attempted to correlate the data with 
dust counts, wind velocity. and relative 
humidity. They concluded that loss of 
sunlight seemed less due to smoke 
than to natural causes. Barrett?, in 
Toronto, showed that smoke could so 
reduce the ultraviolet light as to ren 
der it no longer capable ot preventing 
rickets in albino rats fed on a rachitic 
diet. These findings were later con 
firmed by Kay and Barrett? in greater 
detail. The dosage and wavelength of 
ultraviolet light necessary to prevent 
rickets in rats was determined and in 
cidental evidence was obtained to 
show that the proportion of ultraviolet 
light of different wavelengths trans 
mitted by smoke is approximately con 
stant. 

\ thorough investigation of the prob- 
lem was carried out by Ives*? on Man 


hi 
t} 
d 
1) 
( 
| 
t 


PREVENTIVE MEDICINE & EPIDEMIOLOGY 338 


hattan Island. He found that relatively 
the greatest loss of light occurred 

luly and the least in December. The 
mean loss for the whole investigation 
was 21.5% but less on clear days and 
more on cloudy days. He concluded 
that loss of light depends on the alti- 
tude of the sun and the nature of the 
daylight and is independent of abso- 
lute humidity. The loss is proportional 


to relative humidity and inversely 


proportional to wind velocity. 

The biological component of envi- 
ronment has also received much atten- 
tion. Largely as a result of the damage 
done to crops 1 the vallev of the 
olumbia river by sulphur dioxide 
emitted by a huge smelter at Trail, 
British Columbia, the part played by 
this substance in plant ecology has 
heen thoroughly evaluated. Full in- 
formation is to be found in 2 com- 
prehensive papers by and 
one by Whitby"!. It is clear that sul- 
phur dioxide in concentrations up to 
5 p.p-m. is not harmful to plants and 
beneficial to those that 


Higher concen- 


nay even be 
ire sulphur deficient. 
trations are capable of causing consid- 
erable retardation in growth, especially 
ifter transplantation and when physi- 


A great deal 


circumstantial evidence of the dele- 


logical activity is great. 


terious eftect on plant life of smoke. 
rather than sulphur dioxide, exists*-"* 
but has not been so well quantitated. 
on animals 
apart from 


be deduced from the experi- 


The influence of smoke 
is received little study 
vhat cat 
animals 
In the Meuse Valley 
lisaster many cattle had to be slaugh- 
ered®’, but at Donora™ the effect on 


irm animals was reported as minimal. 


nental studies on laboratory 
Le scribed he low. 


{mong domestic animals there appears 
have been a real increase in the 
bidity and mortality rates attribut- 

ble to the especially among 
fs. It is interesting that among dogs 


smog, 


known age the 


greatest mortality 


was experienced by those over 11 years 
and under | year, but dogs of known 
age are a select sample from which it 
is dangerous to draw inferences. 
Damage by air pollution to the 
material mans 
nomic environment is considerable and 
has received a full description by Shaw 
® and by Marsh*?. There is 
erosion of stone and of metal, in which 
the acids of sulphur play the leading 
part. Buildings are blackened and 
works of art disfigured by soot and the 
solid products of combustion. Homes. 
furnishings, and clothing are made 
filthy and have their useful lives short- 
ened by the increased cleaning which 


objects of soci0-eco- 


and Owens* 


this necessitates. 

What is the 
all this damage to his environment? 
The answer is indeed hard to find and 
possibly it cannot be defined with any 
accuracy. It might be possible to evalu- 
ate the damage done to such things as 
buildings and bridges and the cost of 
fuel wasted and even the loss of pro- 
ductivity of land. But how is a price 
to be put on filth and the work it en- 
tails, or on the nuisance, the waste of 
time, and the physical danger it brings 
through impaired visibility to pilots of 
airplanes, drivers of automobiles, and 
the general population? 

Smoke and Human Health. Early 
attempts to evaluate the influence of 
smoke pollution on — health were 
handicapped by lack of a good index 
of pollution. Observers we. attention 
to the fact that periods of severe fog 
were accompanied by respiratory death 
rates above what could re asonably be 
expected for the time of the vear. 
There are such occurrences 
on record: London in  18807%a-73b_ 
189278, and 1948°°; Glasgow in 1909%4> 
and 19257°.78a.%b. the Meuse Valley 
in 1930; and Donora in 1948. Of the 
same type was the observation made 
in Dublin during the winter of 194154» 
when, owing to the coal shortage, at- 
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nospherie pollution was half its usual 
death rate 


lowest in manv vears 


level and the respiratory 

the events had certain features 
n common. They occurred in winter 
the weather was cold. and most of the 
ce aths were ot people OvVvel 60 ve ars ot 
ige. and frequently chronic sufferers 


trom asthma, bronchitis. or cardiac 
association of respiratory 
disease with cold weather is even more 
ybvious thal that with tog Phe sea 
sonal swing in respiratory mortality 
lace whe atmosphe pollu 
ion is present or not. The death rates 
n the winter of 1941 wer 
still well above the summer mean. Wil 
liam Fart lescribed al weekly excess of 


S] rel it] S England and \\ ile S din 


] 


Ing a pero ot exceptional cold in 
the winter of 1874°%. Five vears pre 
viously he had commented On the TIS 
ing trend in the pneumonia and bron 


chitis death rates in Great Britain dum 
He ascribed this 
to cold and the increase in industrial 
di st ind 1oke 
by Russell? 


entury"*! 


Greenwood is report 
as having found res 


piratory mortality more highh 


COTTEe- 
lated ith th te rature ot thi pre 
V1ous week than with the current 
weekly rect rd The re lative mportance 
certal teorological factors. tem 
perature. rainfall. and relative humid 
ty in tl etiology of bronchitis and 
pneumo i was the subject of statistical 
investigatio1 by Young” ind 
jin the 1920's. From theit 


work it see 
that climatic factors are 
othe 
factors in the etiology of 


aqaisease in children under 


is reasonable to conclude 
relatively less 
important than environmental 
respiratory 
5 than they 
and especially 
over 60 vears of age. Of the 
factors, temperature of the 
week is the important 
In 1923, Collis!® in Britain made a 


careful statistical study of respirator, 


are in adults people 
climatic 


prec eding 


qisease 1n 


relation to occupation. He 
i 
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produced evidence to suggest that by 
virtue of its behavior, bronchitis is a 


disease entitv. separate trom pneu 


bronchitis 
related to 


as there was 


monia and phthisis rhe 


mortality was not closely 
occupation except 
exposure to an irritant gas o1 dust o1 
conditions The 


to severe climatic 


records appeared nore compatibl 


with a chronic traumatic than an infe¢ 


work 


tive origin tor the disease. The 
of Brundage and others on 
monia in the American steel industry 
suggested an association between. this 


disease and 


exposure to wide tempera 
ture variations, inclement weather, and 
possibly the presence of sulphur diox 
ick These two. studies illustrate the 
different conceptions of the term bron 
chitis and pneumonia which exist on 
Atlantic 

\ttempts to disentangle the effects 
of cold and of smoke cannot be said 


the two sides ot the 


to have been very successful In 1924 
ind again in 1926, Russell™*7> com 


pared the frequency of davs in 


London boroughs with mortality 
rates trom respiratory disease in adults 
over 55 and childre n 2 over a 
30 vears. He concluded that 


temperature was more important than 


period ot 


fog, but if fog is associated with low 


temperature, the death rate goes up in 
idults but not in children 
Shaw and Owens questioned Rus 
sells findings on the ground that fog 
ind smoke are not svnonvmous and 
that the influence of smoke pollution 
mav have been masked by the inclu 
sion of simple water fogs in the total 
of foggy davs. Clearly, foggy davs are 
not a satisfactory measure of air pollu 
tion and other observers have used the 
next most simple index. soot fall 


he I 


i parallel between the influence of coal 


was one of the first to draw 


dust on miners and the influence of 
particulate products of combustion on 
the general population, but he jumped 
to conclusions in deducing that smoke 
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is necessarily the cause of the increased 
respiratory disease of cities®*. In 1913, 
White and Marey”* found a close cor- 
relation between respiratory mortality 
ind soot fall in various parts of Pitts- 
burgh, according to wards. They claim- 
ed that division of the city in this way 
ruled out a number of factors such as 
poverty, race, and congestion of popu- 
lation. Unfortunately, it is not likely 
that it also corrected for age and sex 
distribution, for which no allowance 
was made. In 1914, Klotz®! produced 
wutopsy evidence of the association of 
the pigmentation of lungs with city 
dwelling. He expressed the opinion 
that this pulmonary anthracosis results 
in decreased elasticity of the lungs and 
in increased fibrotic reaction to tuber 
ulosis 
Schnurer™*! and Havythorn and 
\Meller®® studied between them 3.000 
iutops\ records from Pittsburgh hos 
pitals in 1937—193S. Their aim was to 
ompare the distribution pattern of 
espiratory disease with that of pul- 
ionary fibrosis due to extraneous pig- 
They recognized the selected 
iture of the sample and the fact that 
he dust had many origins other than 
tmospheric smoke pollution. Their 
ndings were equivocal and the con- 
usion to be had from their results. 
iat the effect of soft coal smoke and 
ist on lungs is not entirely negligible 
ibout as much as seems justifiable 
No investigator has made. greatet 
e of soot fall measurements than 
lills, who has repeatedly demonstrat- 
that the rate of deposit In Various 
graphical divisions of many Ameri- 
cities is correlated with the death 
tes from respiratory disease in the 
This is par- 
larly true of the rates for males. 


ch are sometimes twice as high as 


females in smoky areas. This fact 
ken as evidence that socio-econom- 


factors are not the main cause of 


ised mortality in highly smoke- 


polluted areas because this should in- 
fluence males and fernales equally. It 
is suggested that males fare worse be- 
cause they are more exposed to the 
atmosphere than females. The evi- 
dence presented by Mills is gravely 
weakened by the fact that no correc- 
tion is made for the many possible 
environmental factors, of which one 
of the most important is the influence 
of occupation. This might well account 
for the sex differences upon which so 
much of the case rests. Furthermore, 
deductions based on mortality experi- 
ence uncorrected for age distribution 
can never be conclusive. 

In spite of what atmospheric sul- 
phur dioxide can do to stone, there is 
little sound evidence of substantial 
damage by this gas to the human 
respiratory ‘tract. Perhaps the most ex- 
tensive study of this subject was by 
Kehoe and others*® in 1932, who car- 
ried out a survey of men exposed for 
periods up to 12 years to known con- 
centrations of sulphur dioxide in a 
refrigerator works. Some evidence of 
chronic irritation of the upper respira- 
torv tract was found, though there 
were no significant radiographic 
changes. The influence of this damage 
on their future health could not be 
judged and it is unlikely that men un- 
duly susceptible would remain long 
enough in the industry to demonstrate 
anv chronic effects. : 

\ roentgenologic survey of men ex- 
posed to sulphur dioxide in the refrig- 
erator industry was carried out by 
Evans** and also showed no evidence 
of damage. Gardner** made a study of 
respiratory irritants, including sulphur 
dioxide, and found no evidence that 
exposure necessarily aggravates pul- 
monary tuberculosis or increases sus- 
ceptibility to the disease. Some evi- 
dence does exist that sulphur dioxide 
is capable of precipitating asthma in a 
predisposed Many feel 
that the gas plaved at least some part 
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in the Donora and Meuse episodes but 
is circumstantial and in 
the Meuse at least 
evide 


the evidence 
there is as much 


against fluorine7!> Experi 


ments in Los 


Angeles showed that sul 


phur dioxide could cause the conjun 


tival irritation so troublesome in that 
citv, but so, too, could many of the other 
irritants which have been tested%%4:83t 

Phe carcinogenic power of soot, tar 
ind othe products of combustion and 


destructive distillation of coal is now 
well established and it is natural that 


these products which also pollute the 


air should bx suspected ot a causative 
role in re spiratory cancer*’. Kennaway 


ind Kennawav*® brought evidence to 
show that there Is a real mcrease mm 
thi LIS¢ e in Britain ind that no 


with occupation exists eX 


ept ight extent with those who 
ire exposed to tarred road dust 
Althon oh the incidence 1S highs r im 
men than in women, and in urban than 
in rural areas, the rates of increase are 
nuch the same in both. A study of the 
nciden of cancer in the American 
irbon black industry was made bv 
Ingalls In spite of heavy exposure 


to the soot from the incomplete com- 
} 


bustion of natural gas and oil. workers 
in this industry did not 


11a] 


unau 


experience 
mortality or morbidity 
tocks*® made a 
study of regional differences in cancer 

found that 
cancer of the respiratory tract was sig- 
correlated 


\ high 


rates trom cancer 


mortality in Britain and 


nificant] geographically 
Pulmonary 
tuberculosis and bronchitis showed a 


with hours of sunlight 


similar distribution, but not cancer of 
Stocks 
either be due 


the stomach and of other sites 
suggests that this may 


to itmosph« ric pollution or to some in 


hibiting 


reaction of sun on respiratory 
cancer. No satisfactory evidence ap- 
pears to exist tor associating smoke 
pollution any more closely than this 

( irbon 


red as a potential agent of 


monoxide must be consid 
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associated with smoke pollution, though 
it seldom reaches high concentrations 
except in ¢ onfined places \n investiga 
tion of police officers stationed in the 
Holland Tunnel was made by Sievers 
and others*'. The men exposed 
for prolonged periods, up to 13 vears 
to concentrations of up to 100 p.p.m 
No indication was 
their 


f chronic carbon 


of carbon monoxide 
found of adverse influence on 


health The probk mn ¢ 


monoxide 


poisoning IS examined at 
length by Grut It seems clear from 
his evidence that though carbon mon 
oxide mav be a hazard to certain occu 
pational groups, and though any in 
habitant of 


almost. daily 


a big city is exposed to it 
“this exposure does not 
imount to much 
SO far only the effects ot 
smoke pollution have been considered 
Indirect effects produced by the influ 
ence of smoke on man’s environment 


direct 


many but be 


quickly disposed of because thev have 


ire potentials 


never been measured. The psycholog 
mav be real, and 
ot the 


il effec ts ot loom! 


there is no doubt of the fatigue 
housewife in a smoky atmosphe re. The 
cost to health of loss of sunshine and 
ultraviolet light may be considerable 
but has 


factorily 


never been ASS ssed Satis 

Experimental Studies. Relatively few 
laboratory studies have been made rel- 
evant to the influence of atmospheric 
smoke on health. Klotz®! attributes the 
first animal experiments in this field to 
Knauff in 1867 and Konradi in 1869 
Haythorn** in 1913 published conclu 
sions based on necropsy observations 
and on guinea pigs expt sed to smoke 
He considered that 
of anthracosis appears to interfere with 


a moderate degree 


normal free lymphatic drainage of the 
lungs and so renders the lower respira- 
torv tract less able to deal with acute 
infections. On the other hand, it ap 
pears to encourage fibrosis and to aid 


the healing of tuberculosis 


il ; 
‘ ‘ 
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Several attempts subse que ritly were 
made to determine whether or not coal 
lust or its products of combustion are 
apabl of causing any degree of pul- 
monary fibrosis. Animal experiments 
with guinea pigs and rats and mice by 
Kettle Hlaynes**, Belt and King® and 
ampbell 


ind even carbon alone is capable ol 


all suggest that coal dust 


producing slight foreign body reaction 
in the lungs of these animals with slight 
resultant fibrosis of a reticular type. In 
veneral, the higher the silica content 
the more the fibrosis, but there is no 
imple re lationship and severe fibrosis 
Mav even depend on the presence ot 
the tubercle bacillus?. 

Schnurer™** made the most direct at 
tack on the problem by exposing rab- 
period of SO 
ivs under controlled conditions to the 


bits, rats, and mice for 
Hue gases from anthracite, coke. and 
bituminous coal. The constituents of 
smoke, though in normal proportions, 
vere acting in much higher concentra- 


ion than is ever found in the atmos- 


phere. Pathological changes which took 


the form of bronchitis, pneumonia, pul- 
nonary fibrosis, and failure to gain 
veight were considerably more severe 
n the bituminous group. It is interest- 
that the dust counts in the smoke 
from bituminous coal were about 12 
mes greater than from either of the 
ther fuels, while the sulphur dioxide 
oncentration from the coal and_ the 
‘ke were about 4 times that from the 
nthracite. This suggests that particu- 
ite matter plaved a big part in the 
roduction of disease in these animals, 
though not excluding contributory 
tion by some other agent, including 
lphur dioxide. similar experiment 
Schnurer and Haythorn*™ on rabbits 
rats produced similar findings. 
time, temperature and humidity 
re checked and steps taken to evalu- 
the role of silica in the results. 


sections which showed charac- 
tic inflammatory changes, fibrosis, 


and emphysema were incinerate ‘d and 
treated with hydrochloric acid. Micro- 
scopic examination by polarized light 
revealed no silica. Few animals were 
used in this experiment and it seems 
dangerous to draw any firm conclusions 
trom it. 

Campbell! ,13b,13¢,13d 
the power of certain dusts to produce 


investigated 


primary tumors in mice. He found 
significant increase in primary lung 
tumors, some of which were malignant 
and accompanied by metastases, fol- 
lowing prolonged exposure to dust 
from tarred roads, and to a lesser de- 
gree to dust free from tar, and to soot 
from the exhaust of an internal com- 
bustion engine burning heavy oil. He 
failed to produce any increase with 
exhaust gases from internal combus- 
tion engines, tobacco smoke, chimney 
soot. anthracite dust. and bituminous 
coal dust. 

Seelig and Benignus*™ showed that. 
with heavy dosage indeed, soot from 
Kentucky bituminous coal will produce 
in mice an 8% incidence of cancer of the 
lung compared with 2% in a control 
group. Animals of the experimental 
group were given soot instead of saw- 
dust for their bedding and this was 
shaken up 2 and 3 times a day. The 
duration of this exposure was until 
death. Not even the most ardent cam- 
paigner against smoke would maintain 
that atmospheric pollution of cities is 
as bad as that. 

The toxicity of sulphur dioxide was 
well investigated by Weedon, Hartzell. 


and Setterstrom®”’. Various species of 
animals were exposed for periods up 
to 30 days to varied concentrations of 
the gas. Male guinea pigs and mice 
showed no changes whatever to less 
than 10 p.p.m. and only slight pul- 
monary and gall bladder changes to 
less than 33 p.p.m. Above this level 
toxicity increased, with production of 
corneal opacities, gastric ulcers and 
massive pulmonary hemorrhages, and 
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death. Intermittent dosage was associ- 
ated with 
dence, the 


toxicitv. From this evi- 


] 
ieSS 


conclusion was reached 
that sulphur dioxide by itself is un- 
likely to have any influence on human 
health in even the 
atmospheric pollution. It was admitted 
that the 


and infection might change the picture 


worst conditions of 


howevel! co-existence of dust 
contribution 
work of Cralley'* 


effect of sulphur dioxide 


An interesting was 


made by the who 
studied thx 
on the ciliary 
bit’s trachea 


30 p.p.m abolished ciliary action, and 


activity of excised rab 


len minutes exposure to 


it was suggested that smaller concen 
trations for a longer time might impai 
ciliary activity 

The oxidation of sulphur dioxide to 
trioxide in the 


sulphur atmosphere 


raises the question of the toxicity of 
the latter compound. This has been 
the subject of recent study by Mathur’ 
and Treon and others*® who have ex 
posed animals to sulphuric acid mist 
and found that guinea pigs were mor 
susceptibli than mice to its effects and 
that its 
greater than that of sulphur dioxide 
Further Amdur= of 
the effects of this agent on euinea pigs 
that the age of the 


and the duration of exposure are 


toxicity See med appre iably 


investigation by 
suggests animal 
im- 
portant vari ibles. The concentration of 


sulphur trioxide sufficient to kill 50% of 


the guinea pigs when exposed for eight 


hours was 5 p.p.m. for those 4 to 6 
weeks old, and 12.5 p.p-m. for 
over 18 months. Below 2 


p.p-m. no 
apparent damage was done by even 72 
hours of xposurte 

The frequent incrimination of hydro- 
the 
and 


certain writers as 
the Meuse 
Donora episodes justifies the inclusion 


Hluoric acid by 


agent of disease in 
here of the experimental studies by 
Machle and on the 
of this gas to animals in various con- 
The 


these workers suggests that, in concen- 


toxicity 


centrations evidence offered by 
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trations below the level where acute 
irritation could be appreciate d pro 


longed exposure produces chronic pul- 


monary and systemic changes in rab- 


bits 
whether 


and guinea not clear 


this 


any smoke polluted atmosphere 


pigs. It is 
level is ever reached in 

An appraisal of Evidence. No matte 
how well measured and controlled the 
evidence bearing on a problem may be, 


the 
conceptions ot probability 


its final evaluation depends on 
instinctive 
brought to bear by the evaluer. This is 


largely a function of past experience 
No suggestion is inte nded against striv 
mathematical 
thei 


said 


ing constantly to obtain 
statements of probability with 
What is 


is indeed in vindication of such efforts 


limits of possibli error 


which aim at reducing the personal 


factor to a minimum. It is justification 


nevertheless, for the atte mpt now made 


with the meagre and 


often insufficient 
that 


logic 


lv controlled eviden exists, te 


evaluate by reasoning and ex- 
the direct 
mospheric smoke poll 
health 


Asa potential agent of disease smoke 


perience influence ot at 


ution on human 


consists of a mixture of partic ulate and 


gaseous matter, constantly varving in 


concentration in physical and 


The 


importance seem to be soot particles 


chemical composition factors of 
and possibly their silica and tar con 
tent, the sulphur dioxide—trioxide com 
total Any 
tactors have de 


fluoride, and acidity 
these 


pends on their quantitative and quali 


plex 
influence may 


tative characteristics while in contact 


with human tissue, and we are decid 


short of such measurements. Al 
tolerably 


may be at 


edly 


iccurate measure 


h ind. of 


root of 


though 
how 
the 


we know next to nothing of th 


ments 
soot settles on the Tow! 
Hall 
size, concentration, and composition « 
the particles which reach the respi 
tract of in the street. Cer 


the concentrati 


tory men 


tainly, variations in 
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from hour to hour and from season to 
season are so great that mean values 
over a long period of time give doubt- 
ful indication of what we really want 
to know. We do know, however, that 
the dosage of the agent at work in any 
community is determined by the nature 
ind quantity of fuel, methods of com- 
bustion, topography, and meteorologi- 
cal factors, and it might even be pos 
sible to obtain its measure in these 
terms 

Phe case against smoke stands on 
falls by its effect on the respiratory 
tract. That is where we would expect 
its results, and that is where diseases 
of the sort we would expect do occu 
The strongest evidence is probably 
supplied by the episodes of association 
between severe fog and high death 
rates from respiratory disease, but so 
far we have no way of separating the 
influence of a period of high concen 
ion of smoke from the influence of 
the environment which determines 
that concentration. The most important 
of these 


probably 


environmental factors are 


te rature atmospheric 


pressure ind humiditv. The irritant 
ction of smog on the throat is a sub 
ective phenomenon appreciated — by 


ost peopl who have ever experi 
need it. It seems unlikely indeed that 
the smoke content of fog plavs no 
part whatever in producing the illness 
ind deaths which accompany it; and 

seems probable that it plays a major 


art 

If it is admitted that severe smoke 
pollution can be one of the causes of 
leath from respiratory disease, then it 


lows reasonably that lesser degrees 
pollution are likely to cause patho 


gical results ot less severity. Individ- 


variation in susceptibility must also 
taken into consideration. Though it 
ms clear that old and debilitated 
rsons are most susceptible, nothing 
iatever is known of whether recur- 


nt subjection to doses of smog in- 


creases or decreases resistance to_ it. 
Nor do we know whether the phenom- 
ena of allergy and hypersensitivity con 
tribute to the problem. 

It is often pointed out that the high 
est concentration of any irritant gas 
ever encountered in the atmosphere is 
much lower than that required to do 
any harm to animals or man under 
controlled conditions. It should be 
remembered, however, that multiple 
causation is the rule in natural disease 
and any search for a single responsible 
agent of itself alone responsible for a 
morbid process is likely to be doomed 
to failure. Smoke itself is a mixture o! 
many potential agents and it) seems 
reasonable to expect some degree of 
svnergistic action both between them 
and between infective and climatic 
factors. Nevertheless. the order of toxi 
citv of these agents does suggest that 
damage to respiratory tissue by the 
irritant gases is liable to be confined 
to relatively rare occasions when pollu- 
tion concentrations are exceptionally 
high. The Meuse and Donora records 
point to duration of exposure as a very 
important factor. The difficulty is to fix 
a point from which to measure ex- 
posure, but most of the severe illnesses 
in both episodes seemed to have their 
onset after 2 to 3 davs of dense fog. 

Particulate matter presents a differ- 
ent) problem. Such material is un- 
doubtedly stored in the lhufgs of city 
dwellers, and chronic and cumulative 
effects must be considered. The par- 
ticulate matter of smoke is relatively 
inert, but much evidence suggests that 
it is not completely so. Some toreign 
body reaction occurs, with minor de- 
grees of reticular fibrosis and inter- 
ference with nomal lymphatic drain 
age. In normal health, such changes 
are not detrimental to the individual. 
but do lungs modified in this wav re- 
act to infective and physical agents as 
efficiently as those not so affected? We 
do not know the answer to this ques- 


rays AALPLITAA 


¥ 
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tion, but it seems possible that thei 
response to acute infections and. irri 
tants may be impaired and to. the 
tubercle bacillus is more than usually 
fibrotic 

The carcinogenic activity of atmos 
pheric smoke must be left as an open 
question. It seems fairly certain that 
soot can produce cancel but only 
under special circumstances and in dos 
ages tar greater than anything ever 
supplied by atmospheric smoke. The 
problem is further complicated — by 
smoke trom quite another source 
namely tobacco. Recent investigation 
by Doll and Hill and Levin, Gold 
tein and Gerhardt suggest that defi 


nite issociation exists between 


( 
rette smoking and cancer of the lung 
The evidence against smoking is cer 
tainly much stronger than any present 
ed against atmospheric smoke but 
once again the possibility ot synergism 

innot be excluded. The geographic 
studies of and Mevers** 
are sufficiently suggestive to justify 
further investigation of this problem 

rhe Direction of Future Studies. In 
the further evaluation of smoke as an 
agent ot disease, certain lines of inves 
tigation suggest themselves within the 
field of epidemiology Firstly, the best 
possibl use is to be made of availabl 
data. Past efforts have been inconclu 
sive because insufficient care has been 
taken to exclude such factors as age 
and sex distribution of the population 
at risk temperature and relative hu 
midity, and socio-economic factors. In 
lices of both health and pollution need 
to be carefully chosen to ensure ade 
quate comparability in time and plac 
Sulphur dioxide measurements might 
well be a better index of the pollution 
to which men are actually exposed 
than is sootfall; and thus far little. if 


any, use has been made of them. 


Studies of this sort need to make more 


use of statistical techniques to determine 
the importance of multiple variables 


Secondly, laborator 
mals should be 
question 


antagonism amons 


studies o1 


ISSCSS 


] 


smoke, infective agents 


incl relative humidity 


upon respiratory tissu 
Lastly, field studies 
lation groups woul 
on the range of vari 
bility of human be 
certain irritants ar 
influence it. Examina 
records ot SON 
whose SOCTO« 
stances are rou 
ent parts ot the count 
the best possibility ot 
in different cities witl 
pollution, tor whicl 
surements exist 
The need tor tu 


many aspects ot the pi 


pheric smoke pollut 
has been urged by 
the subject In rece! 
Their recommendatioi 
range and it is hop 
demiologic review 


need tol consider 


in terms of mans 


which end the contribut 


sciences are ne cle¢ 


ts ol 


temperature 


inn the ction 
{ 
PY 
( intormation 
ot cept 
to the effect of 
factors wil ich 
of the health 
post 
] 
stant mi cditter 
to otter 
rrelat ealtl 
( ot 
il 
] { 
r stuck ) thy 
of atmos 
IS ( lif 
write Ol 
ears 
i vic 
that this epi 
support th 
th probl 
tal ee ti 
mill 


The significance itmospheric 
smoke pollution is to be tound b 
weighing the damage me agaist any 
associated benefits and the cost and 
efficiency of any control measures. Thi 
balance mav be struck in a variety of 
units—dollars man hours leath o 
disease—and preferably as mam 
as are feasible, because it is not eas\ 
to establish thei rate ol exchange 
Initially, some of the estimates may br 
appallingly crud ind rough = an 


possess a wide ranve ¢ 


) 


but only through increasingly, 


estimates of total cost 


possibli 


re fine ( 


can a sound eva 


uation of smoke control, or of any othe: 


public health activity 


b 


( 


made 


| 
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lr seems fitting to review briefly the 


tbundant and diverse information that 


las accumulated over the past 25 vears 


regarding Listeria monocytogenes as 
the definite cause of a specific dis 
ise, listeriosis, together with a consid- 
eration of infectious mononucleosis 
landular fever a disease of some 


vhat uncertain etiology at the present 
ve. Many investigators have atte mpt- 
! to establish some sort of a relation- 
ship between thes« entities. Al- 
though they may be completely unre- 
ited 


two 


certain evidence is outstanding 


vhich deserves elaboration before we 


liscard Listeria completely in favor 


the more popular view of a com 


etely viral etiology for infectious 


OSIS 
the 
Cause of Diseases in Man and Animals. 


|. Listeria monocytogenes as 


Steriosis 1S a sporadic, infectious dis 


ise occurring naturally in man and 


many other animal species. The dis- 


ASPEC I 
Ginarp. 
MLA... F.RS< 
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ease is caused by Listeria monocyto 


genes, a small Gram-positive motile 
rod, averaging 1 to 2 microns in length 
and about 0.6 micron in diameter. It 
is not a notably fastidious organism. 
Growing freely on the usual laboratory 
but it 


power. It 


media, has restricted fermenta- 
characteristic 
On 


blood agar, it produces srhall, faintly 


tive has a 


growth in semi-solid gelatin—agar. 


opalescent, transparent, almost pin- 
point colonies at 24 hours, and after 
1S hours hemolvsis can usually be seen. 
The organism produces a monocytosis 
when a well regulated dose is injected 
into rabbits, which is readily notice- 
able after 48 to 72 hours. The proper 
selection of dosage is important since 
our own observations have shown that 
quantities as little as 0.25 ec. of a 24- 
broth 
strains are fatal in less than 24 hours?**. 
' in the blood of 
experimentally and naturally infected 


343 


hour glucose culture of some 


The monocyte count 


- 
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rabbits has been ft und to rise as high 


as 20,000 per cmm. and is the most 
striking character of this species. A 
second chai icteristic manifestation of 
experimental infection is the curious 


acute ophthalmia in rabbits and guinea 
ES 


Anton’, in 


showed that the 
ot 
vere conjunctivitis, and later keratitis 


1934 


( ipabli 


Or- 
IS 


producing a 


S¢ 


In guinea 


igs by swabbing the evert 


\ 


with culture material o1 


evelid by 
instillation 
ibout the time 
( found that the eve 
| 


wid 


into the conjunctival 


Pons and 


Sallie 


\t 
1] 
Julianell reaction 


n rabbits guimmea pigs was abso 


utely specific and were even able to 
produce the reaction in animals im 
munized against the whole organism 


Julianelle*? later surveved a great num 


t 


ber of organisms for this property and 
found only two which could produce 
t: Liste ind Erysipelothrix. The 
itter, however, gave the reaction only 
ccasionally but when it did. death 
of the animal invariably occurred 


ntrast to regular recovery of 


the 


h Ith 


inimals with Listeria-produ ed 


ocular reaction. Furthermore. all the 
strains of Listeria monocytogenes ex 
mined produced the reaction 
Listeria monor ytore nes was first 
isolated and identified by Murray 
Webb and Swann* in 1924 from an 


epizootic among laboratory animals at 


Cambridge. In 1929. Nyfeldt*® recov- 
ered the organism from the blood 
stream of a boy with infectious 


mononud¢ leosis this being the first rec 


ognized isolation of Listeria mono 
cytogenes trom a human case. The or- 
ganism was first recognized as_ the 

LUIS disease in domestic animals 
by Gil in 1931, when he isolated it 


ep in New Zealand and gave 
Circling to the 
Listeria 


the n 


ence phali 


Lilie 


Disease 
it caused, 


monocytogenes has been isolated from 


+ 


is which 


* We are indebted to Dr 


Medicine. 


N. F. Stanley of 


Sydney, 


I 


Prince 


Australia, for this strain 
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approximate ly 13 difterent spt cies ol 
mammalian hosts in at least 15 diffe 
ent countries: most of these are listed 
in articles by Graham et al.*7® in 1943 


1945 


Itt hum il 


VAVe 


and Kaplan 
the 


IN ip! in) 


mortality listeriosis in its 


typical meningé al form as 65 his 
figure he obtained trom a survey ol 
reports up to 1945 und he added that 
if recent cases treated with the = sul 
fonamides were excluded, this figure 
would be 79 Stanley isolated a 
strain of Listeria wcytogen trom 
i fatal case of meni { recenth ind 
claimed that this strain is 20 times less 
sensitive to penicillin than a sensitive 
strain of Staphyl ( ms aureu 
own experience has shown that. this 
same strain® shows i moderate 
sensitivity to strept 1) Gra\ 
Stafseth, and Thorp** reported that th 
strain rapidly Tor esistance 
streptomycin 

Probably the first t th 
whole group was un iken by Pater 
sont? in 1940, who st lied 54. strain: 
of Listeria mon ( 
cluded on the basis of his findi s that 
there is no relationship between the 
zoological host spe lan or animal 
ind the bacteriologi« ul type nor do the 
tvpes appear to be a iated with a 
particular geog! gin. It is als 


of interest that all the 9 strains studied 


isolated from human Of ifectiou 
mononucleosis il custinet 
group No 5 ot his lassifie ition ot | 


hi 


and 


Phe 
basis of 
und absorption 
work 


by 


antigenic groups groups 


determined on the somati 


flagellan 
of agglutinins. In 


agglutination 
All\ involving 


differentiation ot strains intigen 
characteristics, the technique should be 
ie light of the 


Robbins ind 


controlled t] 
of Paterson 
and Hutner- 


clinical symptoms and patho 


carefully 
findings 
Griffin 
The 
logical lesions associated with Listeria 


Henry Hospit Instit t der 
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infection seem to varv with the species 


4 the host. In the rabbit, guinea pig 
ind gerbille, a generalized infection 
issociated with necrotic liver foci is 
characteristic. In the chicken, accord- 
ng to Seastone’®, the disease is also 
reneralized, and massive necrosis of 
the myocardium usually occurs. In 


ruminants the natural disease is mani- 
in ence phalitic or meningitic 
and only through  experi- 
nfection is it possible to pro- 
them th 
rodents 


Ven littl 


svstemic disease 


is known as vet regarding 


Ol 


Observa 


indicate 


liste PIOSIS,. 


tion t the | [linois 
iltural | \periment Station?=! 


iminants the 


niversity of 
disease does not 
sweep through a herd and 
lect a high percentage of animals 
leisurely COUTSC 
than 1OG% of a 
period of several months 
the herd 


the mortality in 


a 


olving 


Dore 
less 
norbidity within 
latively low 
timals is verv high.’ 
Although the 


feriosis 


idence ol human 


indicates a low degree 


nunicabilitv, 2 case 


orthy of 


reports are 
mention 


rh thy 


Burn!" reported 9 


dav in the visit- 


Sall lle 


ODS tric service ot a hospital. One 


uit. delivered early in the morning 
ed of Listeria meningitis the next 
The second infant, apparently de- 
ered later on the same day. suddenly 
ime ill 8 days later and died of the 
me cause within 6 davs. Atkinson’s= 
» cases in children all occurred within 
period of 13 days, and 4 out of 5 
vere fatal. This would indicate that 
steriosis is capable of assuming 
pidemi proportions when favorable 
Ircumstances are present 
Concerning the reservoir of infection 
1 the mode or modes of transmission 


That 
ere is some unrecognized factor in 
infection is suggested by the 


e intormation is available. 
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difficulty with which the disease is pro- 
duced experimentally. Graham et al.**> 
feel that the ruminant and the rodent 
mav not be the usual hosts of the or- 
ganism. since listeriosis enjoys such a 
wide and sporadic occurrence. Gill?! 
suggested that the sheep nasal fly, 
Oestrus ovis, might be concerned in 
the transmission of ovine listeriosis, but 
he was unable to support this hypothe- 
sis with experimental evidence, and 
the 
affected sheep seems to be evidence 


the absence of larvae in some of 
in itself against this suggestion. Olat- 
son*® felt that the rat mav be 


since the appearance and disappear- 


a carrier 


ance of the disease in cattle barned-up 
for the 
period of vears to coincide with the 


winter months seemed over a 


appearance and disappearance of the 
rats in these barns. Listeria monocytog 
enes has been isolated) rats 
themselves suffering from the disease 
by Machiavellot! in Northeastern Bra- 
zil, so the association here may be real. 
One experiment was attempted by 
Olafson*® along this line but failed to 
reveal any connection. Bigland* has re- 
Listeria 
monocytogenes wherein several mites 


ported a canary isolation of 
Dermanyssus vallinae, were found on 
the body of the bird, but apparently 
no attempt was made to cultivate the 
organism from these parasites. 
Recently, Listeria monocytogenes was 
isolated from ferrets at the U.S. Army 
Medical School**?, the animals appar- 
ently not suffering from the disease. 
This finding would seem to pose the 
question of healthy carriers in the 
epidemiology of this disease. In_ this 
connection, Stanley“ examined a total 
of 3558 swabbings taken from the 
human nose, throat, or nasopharynx. 
Fifteen of these cultures were agglu- 
tinated by antiserum above 
that of normal rabbit serum; two of 
these showed morphological, cultural, 
and biochemical properties similar to 
Listeria monocytogenes. Neither cul- 
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ing with the natural clisease, but the 
organism was isolated only from. the 


central nervous system and in the great 


majority of cases only from the medul 
la 


S\ 


investigators described the 
here as being characterized 
by “perivascular infiltration with cells 
imong which Ivinphoevtes and mono- 


The 


brain 


cvtes distribution 


pore dominated 
the 


spread by wav of the 


ot lesions Wn suggests the 


Pos ibility. of 


meninges, canal svstems, vessel 


sheaths 
1996" 


that liver 


le SLOTIS whe pre sent were discrete 


Piri observed 
these were sometimes 

visible fatty changes in 
s. According to Webb and 


liver necrosis first appears in 


and 


Of necrosis 
preceded bv 
thr live cell 
Barbe I 


the hepatic cells surrounding Kupftet 


cells which have ingested numerous o1 
canisms. Stanley, in 1949*', reported 
that a chloroform ether-soluble 
lipid extracted from Listeria monocy- 


nes Was responsible for the pro 


iction of monoevtosis in rabbits. and 


is lipid monocytosis-producing 


went (MPA) is liberated chiefly in 


the liver. He was able to elicit. the 
monocvtic — re sponse with a 
Seitz-filtered saline extract of necrotic 


ver, Whereas the normal liver did not 


produce this response nor did anv oft 
the other normal or infected organs 
This lipid MIPA was ‘per se” non-anti- 


relatively non-toxic for rab- 


its. This work has been confirmed by 
s and turthered to show that the lipid 
\IPA, when heterolo- 


evor protein to effect the anti- 


combined with 


renicity of the former, Is probably not 
} 


sponst ri¢ 


for the sheep ervthrocvte 


commonly 


ation seen ie 


tectious mononucleosis="". 


Stanlev. in a 
using the same MPA ex- 


is demonstrated an interesting 


5 
iter report 


ijuvant action upon antibody produc- 
nm in rabbits which 
elated to monocyte stimulation. 
Il. Infectious Mononucleosis 


appears to be 


from 


AND 
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an Etiological and Immunological As- 
pect. The relationship of this organism 
to infectious mononucleosis is a highly 
controversial topic. Nyfeldt in 1929" 
isolated the organism from the blood 
stream of a patient apparently suffer- 
mononucleosis. 
Nvfeldt in 1938°4 


infectious mono- 


ing from infectious 
Later Schmidt 


described 5 cases of 


and 
nucleosis accompanied by  meningo- 


encephalitis, in 4 of which Listeria 
monocytogenes was found in the blood 
or cerebrospinal fluid. Pons and Julian- 
1939 


organism 


also isolated the same 
the blood of such a 
patient and Webb in 1943" reported 
a similar finding 

One of 


in postulating any relationship between 


elle in 


from 


the most serious drawbacks 


infectious mononucleosis in man and 
Listeria monocytogenes is the inability 
of the organism to stimulate the forma- 
tion of she ep ervthrocyvte agglutinins in 
the rabbit 
reported many times and has been ex- 
Stanley®! 


that the protein polysaccharide, and 


This observation has been 


tended recently by to show 
lipid fractions prepared from a strain 
of Listeria which he 
isolated Listeria 


monocytogenes, 
fatal 
‘ould 


sheep ervthroevtes nor stimulate the 


from a case of 


meningitis, neither agglutinate 
production of sheep ervthrocvte agglu- 
tinins in the rabbit. Of possible further 
significance is the fact that, in the cases 
of infectious mononucleosis which he 
studied, absorption of sera with Lis- 
teria suspensions did not reduce the 
sheep erythrocyte agglutination. Wis- 
19427, a careful study 
of 27 typical cases of the disease, but 
neither the blood in the acute 
febrile from the excised 
lvmph nodes was he able to cultivate 


ing, in made 
trom 
stage nor 
this organism. Convalescents from in- 
contained no 
agglutinins in their blood to Listeria 
monocytogenes. Inoculation of killed 
Listeria monocytogenes human 
volunteers did not give rise to a Paul— 


fectious mononucleosis 


into 


ez 
ey 
: 
1 

| 
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Bunnell reaction; and inoculation § of 


the living organisms into monkeys led 
rapidly fatal 


panied by suppurative meningitis and 


to a intection, accom- 
encephalitis which was unlike typical 


infectious mononucleosis in man. Jane 


way in 1941°5 studied 13 typical cases 
of infectious mononucleosis and _ re 
ported that the Paul—Bunnell agglu- 
tination was uniformly positive in all 
cases Listeria agglutination _ titers 
showed a slight elevation above those 
of a normal control group, but there 
was no significant trend upward o1 
downward in the Listeria agglutinin 
titer during the course of the disease 
On the other hand, the results of 
Stanley®', Webb®*, and Julianelle®® ar 
in agreement that in a certain number 
of cases otf infectious mononucleosis 
Julianelle places it as high as 46 
there is significant Listeria agglutina 
tion increasing in titer during the 
course of the disease and gradually 
talling off with the Paul—Bunnell titer 
Webb"* found that 6 out of 9 patients 
diagnosed as infectious mononucleosis 
Cave igo@lutination titers to Listeria 
monocyt nes varving from 1/125 to 
1/500, and in one case demonstrated a 
rise in titer from 1/25 to 1/125 over a 
period of 11 days. Stanley"! speaks of 


wherein both the Paul 
ind the Listeria 


anothe I 


titel aggluti 


Bunnell 
nation 
S davs 


1/256 


titer increased over a pr riod of 
the Paul—Bunnell from 1/32 to 
the trom 1/4 to 
1/128. Through the use of various anti 
Salmonella 
Proteus and Brucella groups, he 
the of 


stimulation of Listeria agglutinins in 


and Listeria 
prepared from the 
min- 
imizes possibility nonspecific 
In rabbits inoculated in 

with 


these pe opl 

traperitoneally Listeria monocy 
togenes, in small enough dose to pro- 
duce a non-fatal disease, the resulting 
antisera had usually a low titer, rarely 
exceeding 1/64. Human Listeria titers. 
it specific, thus assume an importance 


which should not be overlooked. 
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Of the 20 cases of 
examined by Stanley‘ 
Paul—Bunnell 
after preliminary absorption of the sera 
a Ot these 13 


gave significant Listeria 


infectious mono 
13 


reactions 


nucleosis 
gave positive 
with guinea pig kidney 
cases, 7 or 
agglutination, considerably above those 
values from normal serum controls 
Perhaps somewhat more impressive 
is the evidence which has accumlated 
to suggest that the disease is caused by 
a filterable virus having a predilection 
for lymphatic tissue. Van den Berghe 
1939 den 
1939! 


circulating 


and Liessens in and van 


Berghe, Liessens and Kovacs in 


were able to produce a 


monocvtosis in a monkey by intramus- 
cular inoculation of 4 cc. of oxalated 
blood from a child suffering from. in- 
fectious mononucleosis, and were able 
to reproduce a similar result in a 
second monkey inoculated with blood 
from the first monkey, after it had 
been hemolvzed and filtered through 
a Seitz EK filter disc. The virus was 


crown in tissue culture, and still proved 
capable atter 10 generations of causing 
Mice 


inoculated intracerebrally 


monocevtosis in monkevs how 


proved 
insusceptible 


Verlinde et al 


successful transmission 


in 1950" reported 

ot 
mononucleosis to Cynomologous mon 
kevs 
blood 


glands 


infectious 


bacteriologically sterile 


using 
suspensions of swollen lymph 
treated 


with penicillin and streptomycin, all 


and throat-washings 
taken from patients suffering from in- 
fectious mononucleosis. The principal 
of the 
a rise in the 


features experimental disease 
Paul—Bunnell titer 


increase of the percentage of 


were 
and an 
mononuclear cells, a slight leukocytosis 
slight to 
leukopenia, and sometimes a febrile 


succeeded by moderate 
reaction. Worthy of mention is the fact 
that in one monkey 
in the Paul 32 to 
1/4096 period, along 


with an abnormally high percentage of 


there was a rise 


Bunnell titer from 1 
a 


over 36-day 


i 
7~ 
i 
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Citrated blood (5 


cc.) from this monkey inoculated intra- 


mononuclear cells. 


monkey 
Paul 


muscularly into another pro- 


a sharp rise in Bunnell 
titer after S days. 

In 1942 Nettleship" 
production of pearl-grey nodules with 
infiltration in the 
chorio-allantoic membrane of chick 
embryos inoculated with Berkefeld fil- 


trates of nasal washings or with blood 


duced 


described the 


heavv monocytic 


of infectious mononucleosis patients. 
Sohier, Lepine, and Sautter®® in 1940 

reported a successful human transmis- 

sion using whole blood obtained from 


i patient with infectious mononucleo- 


sis. The subject was injected intramus- 
with 6 cc. 


ly developed 


cularly of this inoculum and 


subsequent suggestive 


hematological and serological charac- 


teristics of the disease even though he 
had few symptoms and no fever.°® 
Wising in 19427 failed to produce 
the disease in rabbits inoculated intra- 
venously with heparinized blood of 
febrile patients diagnosed as cases of 
nfectious mononucleosis but had some 
monkeys. Of 7 Macacas 


monkeys inoculated intracerebrally. in- 


SUCCESS th 


traperitoneally, or subcutaneously with 
fresh lymph node from 
in the of the dis- 
3 developed mild clinical symp- 
with general enlargement of the 
vmph nodes, coming on after 8, 17, and 
IS days There 


slight monocytosis. These changes were 


suspensions 


patients acute stage 
CASE 
toms 


respec tively. was also a 
eproduced on fresh monkeys by inocu- 
lation of excised lymph nodes; 2, 3 and 
> passages were made successfully with 
the 3 different strains. Histological ex- 
imination of the nodes revealed the 
typical, pleomorphic, large- 
elled hyperplasia seen in man. Of 6 
human volunteers inoculated with 
ieparinized blood or plasma from 
itients in the acute stage, 5 remained 


irregular, 
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well. The 
ce, of whole blood developed intectious 
later. The 
showing 


sixth who had received 250 


days 
picture 
large atypical lymphocytes was present 
but the highest Bunnell 
reached during the course 


mononucleosis 1S 
characteristic blood 
Paul 
entire 
32 after pre- 
liminary absorption with guinea pig 
kidney. 

Along with these appare ntly SUCCESS- 


failures 
16 


here, 
titer 


ot the disease was only } 


ful transmissions, numerous 


1948, 
conducted 21 experiments attempting 


have been reported. In Evans 


the transmission of infectious mono- 


nucleosis to human volunteers, using 
whole blood, and unfil- 


tered throat washings without success- 


blood serum, 
ful transmission of the disease in a sin- 
Others 
similar findings** 
The ability of the 
mononucleosis patients to agglutinate 


gle instance. have reported 


blood of infectious 


sheep red corpuscles was described by 
Bunnell in 193248. Normal 
rarely exceeding a titer of 
1/56. may be found in healthy persons, 
according to Smeall®’, and the 
phile antibody content may rise after 


Paul and 


hetero- 


injection of horse serum. Observations 
by Stuart and his colleagues in 1936°° 


by Bailey and Raffel in 1935*, David- 
sohn in 1937!", and Barrett in 1941? 
have shown that the normal hetero- 


phile antibody can be absorbed com- 
pletely from ‘the serum by means of 
guinea pig kidney, that that met with in 
disease can be absorbed by 
kidney and ox red cor- 
puscles, and that the heterophile anti- 
body of infectious mononucleosis can 
be absorbed by ox red corpuscles but 
not by guinea pig kidney. Results of 
inhibitory and absorptive experiments 


serum 


guinea pig 


carried out by Stuart et al. in 1936°° 
agree in showing that the sheep 
erythrocyte agglutinins in infectious 


* Since the writing of this article, R. Sohier has published a review which is complementary 


1 should be consulted: Mononucléose 


50 


Infectieuse 


Encyclopedie Medico-Chirwrgiale, Paris, 


~ 

= 

= 
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mononucleosis are not Forssmann typ 


antibodies, for they react with alcohol 


treated sheep and beef cells but not 
with the alcoholic extract of these cells 


Halcrow Owen, and Rodger in 
1943 who made a study of several 
cases of infectious mononucleosis 
stated that a Paul—Bunnell titer of 
1/32, especially when accompanied by 


preliminary absorption of the serum 


with guinea pig kidney, is highly sug 


gestive of infection. Many investigators 
that all cases 


re porte d. howeve r 
MOononue leosis 


have 


diagnosed as intectious 


do not give a positive Paul—Bunnell 
test. Shatar and Weir in 1943 for 
example described an outbreak of in 


fectious mononucleosis in Scotland. at 


fecting about 200 persons, in which 
the Paul—Bunnell reaction was almost 
unitormly negative MacFarlan and 


MacFarlane in 1943'" likewise de 
outbreak in a girls 
78 pupils, in which tvpical 
but 
single serum reacted positive lv in the 
Paul—Bunnell test. According to Kaut 
mann in 1944* 1945 


it is usual to find that approximately 


scribed in school 
attecting 
not a 


blood changes wert prese nt 


and Kruget in 


30% of cases that are clinically and 
hematologically diagnosed as infectious 
mononucleosis give negative Paul 

Bunnell tests. It is a pity tetration of 


antibodies to Listeria was neglected in 
this larg Paul-Bunnell 
tive ¢ 


senes ol nega- 
ases 

Numerous reports of positive Was- 
sermann tests have been made in cases 
Bern- 


ot intectious mononucleosis 


stein’, for example, has reported that 
positive Wassermann tests were found 
in 15% of the cases he examined. Kamp- 
stated that 


authors have re ported an incidence of 


meiel some Japanese 
positive Wassermann reactions at some 
course of the disease in as 


10% of He himself 


found that 6 out of 30 cases examined 


time in the 
many as cases. 


showed positive Wassermann reactions. 


I 


using rabbits injected with 
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living and heat killed strains of Listeria 
monocytogenes, was unable to demon- 
strate any complement-fixing 01 floccu 
lating antibodies to antigens commonly 
employed in the serum diagnosis of 

In 1946, Burnet and Anderson 
onstrated the capacity of serum from 


dem 


some cases of infectious mononucleosis 


to agglutinate human 0 erythrocytes 
previously modified by absorption and 
subsequent elution of Newcastle Dis 
NCD According to a re- 
cent report by Kilham 


runs roughly parallel to the Paul—Bun 


ease Virus 
this « ipacity 


nell agglutination. On the other hand 
Verlinde et al.' ifter a similar 
vev. claimed that no correlation could 
be demonstrated between the titer of 
the Paul—Bunnell reaction and that of 
the NCD virus-treated red cells. They 
observed that a number of mono 


low Paul—Bunnell 
NCD 
This discrep 


nucleosis sera with 
ised Virus 


tite! 


titer showed an 
hemagglutination 


should be 


possible 


resolved aS 


the latter 


mav well have certain diagnostic value 


ancy soon as 


Ssimce observation 


Anderson!®, in a study of 75 patients 


with infectious mononucleosis. found 


2% presented an increased hemagglu- 


titer to NCD 


human 0 cells: Evans 


tination virus-treated 


re ported an 


incidence ot (4.5 and  Verlinde 
et al." reported 70%. These values all 
rest on results with the Australian 


strain of NCD virus. Hemagglutination 
percentages were found to be consider- 


Connecticut and a 


NCD 


comparative 


ablv less when a 


California strain of virus were 


used for purposes by 
Evans!*, 

Different serum factors appear to be 
Bunnell aggluti 


nation and NCD virus-human 0 hemag 


responsible for Paul 
glutination. Although infectious mono 
with Newcastle 
the ability to 
agglutinate NCD-virus sensitized erv- 
the 


nucleosis share 


disease immune. sera 


throcytes mononucleosis sera do 
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not inhibit hemagglutination by NCD 


virus*?, Evans and Curnen' have 
shown that increased hemagglutination 
titers to NCD-sensitized erythrocvtes 
are commonly observed in other in- 
fectious diseases such as lung tuber- 
culosis, tuberculous meningitis, second- 
ary syphilis pneumonia, and infectious 
hepatitis. Kilham reports*? it to be con- 
siderably increased in alcoholic cirrho- 
sis of the liver. Thus the diagnostic 
value of the test seems to be propor- 
tionately 


Phe 


led some to believe that the hemagglu- 


reduced. 


and other observations have 
tinin present in these cases is related 
in some way to hepatic dysfunction. 
Liver involvement has been shown to 
be of frequent occurrence in infectious 
mononucleosis!®*"* and Sterling®* has 
using electrophoresis, that the 
beta especially 
globulin fractions are 


show 


and 


alpha gamma 
often elevated. 
The findings related here thus tar 
concerning proposed viral and bacterial 
this 
oppose d to one another. It is the opin- 
ion of authors, Schultz in 1930°° 
ind Horing in 19332*, 


with so-called infectious mononucleosis 


etiology for disease need not be 


that in dealing 


are not dealing with one 


but with 2 or 


In man Wwe 
lj 


more entities al- 
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most indistinguishable clinically and 
hematologically. 

The hypothesis advanced by Stan- 
ley®! is deserving of mention. He pro- 
classification of 
mononucleosis into 3 
groups and gives the percentages as 
he encountered them in a_ study of 
20 cases: 


poses a_ serological 


infectious sera 


Paul Listeria 
Group Bunnell Agglutination % 
\ positive positive 35 
B positive negative 35 
( negative negative 30 


He suggests that in his classification, 
Group A due to 
Listeria monocytogenes, while B and 
C infections would be attributable to 
a virus, and neither agent in turn re- 
sponsible for the sheep erythrocyte 
agglutination. This view seems to be 


infections may be 


most in accord with the experimental 
findings to date, and explains his ob- 
servation that absorption with sheep 
cells of infectious mononucleosis serum 
does not lower the Listeria agglutina- 
tion, nor does absorption with suspen- 
sions of Listeria monocytogenes lower 
the Paul—Bunnell titer when the two 
occur simultaneously. 
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Production and Transfer of Myelog- 
enous Leukemia in the Rat. Harry 
Suay, M. D., M. Gruenstein, C. Har- 
nis, M 1) and Ba Gi AZER, (Fels Re- 
Institute, Temple University 
dl Phila. 
in which methvicholanthrene 
stilled into the 
Wiistat 


lowe TOUS 


SCAT( h 
Sch. of In experiments 
was in- 
stomach of random-bred 
rats, three cases of mve- 
leukemia developed. \t- 
tempts to transter the leukemia to 40- 


day old rats failed. Transfers were ac- 


strain 


complished to animals vounger than 
seven days. Two-tenths of a cubic cen 
timeter oj 


tor transte 


blood or ot liver or spleen 


were injected intraperitoneally 


Diagnosis of induced on 


transterre 


d leukemia was alwavs made 
hrst trom. pe ripheral blood and subse- 


quently corroborated by bone-marrow 


smears and tissue sections. Average 
period of “take” 6—10 weeks. Occasion- 
| “takes” were at 5 weeks and some- 
times as long as 5 months. White blood 


ounts ranged from 50,000 to 292.000 
vith 7 ot The 


leukemia was chronic in tvpe and on 


mvelocvtes. 


transter consistently resulted in a 
hloroleukemia with a_ histologic pic- 
ure similar to that described by Wilens 
ind Sproul (Amer. J. Path. (12, 249. 
Oberling 
Bull. de Tasso. frangaise pou 
cancer 28, 214, 1939). To 
ite, transfer by means of blood has 
en successful in our Wistar 
26 of 3] (S40). with liver 
sue in 16 of 30 (53%), with spleen 
7 of 18 (39% 


rre d by 


1936) and by Guerin and 
(,uerm 


tuck du 


strain 
animals 


). It also has been trans- 
blood to 8 of 18 
Sherman strain 
ts and by liver tissue to 7 of 17 (41%) 
indom-bred Long Evans strain rats. 


means of 


random-bred 


JANI 


ARY 16, 1951 

Peculiarities of Blood Coagulation in 
Patients with Cancer. Jerome M. 
Watpron, M.D., B. Bemteman, M.D. 
G. G. M.D., (Division 
of Med., Penna. Hosp., and Dept. 
Physiol. Jefferson Med. Coll.). Previ- 
ous studies have shown that the oral 
fats, including 
cream from cow's milk, produces a 


DUNCAN, 


ingestion of various 
sharp decrease in whole blood coagu- 
lation time. This hypercoagulability is 
detectable within '2 hour after drink- 
ing the cream and in | hour a maximum 
decrease in coagulation time averaging 
{5% is attained. Dilution of the fasting 
sample of blood with 0.85% sodium 
chloride solution produces first a de- 
crease in coagulation time and with 
further dilution a return of the coagu- 
lation time to or beyond the time for 
whole blood. This is due to the differ- 
ential effect of dilution on the accelera- 
tors and inhibitors of coagulation. Dilu- 
tion of blood obtained after feeding 
the cream produces only a_ prolonged 
coagulation time because the hyper- 
is due partially to the 
absence of effective inhibitors of coag- 
ulation. When the fasting blood sam- 
ple is diluted with 10% cream in phys- 


coagulability 


iological saline solution, the coagula- 


tion time is decreased even on ex- 
treme dilution due to the clot-acceler- 
ating properties of the cream. 

These 


obtained 


characteristic responses are 
only in normal healthy 
individuals but in all groups of dis- 
eases encountered in a general hospital 
with one exception. This exception is 
patients with cancer. The response of 
patients with cancer to the oral inges- 
tion of cream varies from a prolonga- 
tion of coagulation time, which has not 


353) 


not 


= 
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been observed with any other disease 
to a general minimal response which on 
the average does not differ appreciably 
from. the blood 
coagulation time obtained by repeated 
Dilution of this blood 


with cream physiological saline 


normal variations in 
venipuncture 


normal 
curve. This altered response of patients 


solution does not result in a 


with cancer to the in vivo and in vitro 
clot-accelerating properties of cream is 
inde pe ndent of the tvpe or site of can 
cer in the cases studied. There is no 
correlation with the state of 


total 


nutrition 


sedimentation rate. o1 plasma 


protein. 


Some 


Carbon Dioxide in Acute Oxvgen 


Toxicity at Atmospheres’ Inspired 


Oxygen Tension. R. H. Koucu, 
C. J]. LAmBertsen, M.D M. OW 
Stroup, M.D., R. A. Goutp, M.D 
and J. H. Ewinc, M.D Depts. of 
Pharmacol Med and Psvchiatry 


Univ. of Penna.). To evaluate the rol 
ot CO. in convulsions produced bv 3% 
atm. of inspired oxygen tension 3 tvpes 
ot experiments were performed in man 
In 4 men carried to convulsions at 3% 
atm. the CO 


gas depot in the forearm was followed 


tension of a subcutaneous 


as it approached equilibrium with the 
pt () In 


vascula 


7 men the blood flow 
resistance CVR 

CMRo,) ot 
the N.O 
Schmidt 
breathing at 3% 


tissue 
CBF 
and oxvgen consumption 
the brain were measured by 
method of Kety 
and during O 


and before 
atm 
In 4 men arterial and internal jugulan 
blood gases were measured during the 
breathing of 2% CO. in Ow at 3% 

The results at 32 atm. O. were these 
1) The highest pCO, in the subcutane- 
ous bubble was 50 mm. Hg. 2 


atm 


\ mean 
3 mm. Hg in the internal 
jugular pCO, was accompanied by a 
Hg decrease in the arterial 
CBF decreased 25%: CVR in- 
50%; and CMR, 


changed so that the internal jugular 


increase of 


> mm 
pCO 3 
creased 


was un- 


.pOz averaged only 75 


Observations on the Role of 


mm. Hg 
The significant finding in 7 experi 


ments on the 4 subjects who breathed 


2% CO. in Oo at 3% atm. was a de- 
crease in the cerebral A-V ©.  differ- 
ence, resulting in a mean internal jug 


ular pO» of 500 mm Hye 
In man it appears that any elevation 


of tissue pCO, accompanying acute 


1 


lo atm. is ade- 


the dual 


function of hemoglobin and changes 


oxygen poisoning at 


5 
quately explained bv loss of 


sufficient 
One 


might 


in blood flow and it is not 


per se to produce convulsions 
that the breathing of CO 


conceivably hasten the 


Way 
onset of oxvgen 
the CBF 
so that a larger bulk of the brain is 
exposed to 


convulsions IS by 


higher and 
le \¢ ls ot () 


pre sumably 


more toxic, tension 


The Effect of Vegetable Fat Inges- 


tion on Human Serum Cholesterol. 
EuGeNE A. Hitpretu, S. Met- 
M.D... G. W. Bram, M.D 
and D. M. Hitpreru, B.S. (Dept. of 
Int. Med. Hosp of the Univ. of 
Penna.). There is now ample evidence 
that in most individuals the serum 
cholesterol concentration will fall if 
the intake of fat is sufficiently restrict 
ed. Some investigators believe that the 
chief reason for this chemical altera 
tion is that the low fat diet automati 
cally restricts the ingestion of choles 
terol. However, animal studies suggest 


that the dietary fat level per se is more 
important than is the dietarv choles 
terol level in changing the serum cho- 
lesterol concentration, Our experiments 
were designed to discover whether 
human serum cholesterol concentration 
diet of 

in cholesterol 
that 
contain no cholesterol, we investigated 
the effects of vegetable fat on the 
serum cholesterol concentration 


Three of 


jects 


normal 
Since 
vegetable tats 


can be elevated bv a 
fat intake but low 


there is evidence 


the authors served as sub 
Each subject was studied, first 


on his customary diet, which was es- 


nq 
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sentially a normal fat, normal choles- 
terol diet; second, when both fat and 
cholesterol were restricted: and_ third, 
when in a diet containing vegetable 
tats cholesterol restricted but 
total fat was normal in amount. The 
serum cholesterol concentration was 
followed twice weekly. The weights of 
the subjects and the protein and caloric 
content of the diet were maintained at 
i constant level throughout the study. 

ln these three healthy young males 


a restricted diet low in fat produced 
a significant fall in the serum choles- 
terol concentration. In all 3 subjects 
the subsequent addition to this diet of 
vegetable fat containing no cholesterol 
was associated with a rise in the serum 
cholesterol concentration to the con- 
trol levels. Therefore, in these sub- 
jects, the restriction of total fat and 
not of cholesterol alone was the deci- 
sive factor in lowering the serum 
cholesterol concentration. 
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BOOK REVIEWS 


By A. ¢ 


DS LL.D., M. I. Grossman, Ph.D., M.D 
ind Wi aM oH. Bacuracn, Ph.D., M.D 
Pp | Phila Blakiston, L950 
Py $14.00 
[HIS iuthoritatir Om} lation 
S vledg ft ulcer disease wit] 
ip iSIS | vsiologic ispects ot the 
obl ittractively bound and well 
ite | tvle of writing makes for eas\ 
( g subject matter is well doc 
nt ently indexed | 
ble teat he ncorporation of summiaries 
ich chapter and each 
I which the book is divided 
lealin with patl wenesis, t 
rately } ilt the \ lu 
ted table condensation d ilu 
ental ind nvest 
Diagnosis nd treatment are 
Ke \ ensively and fairl liscussed 
| pl t ft the clinical ph ses of tl 
I W perhap | be 
t a n ed if the iuthors had he n 
} th t ele rent Del nal 
erie! which tl well 
parting to their . SS] 
roly tor, Der 
Pept { the title for a work whicl 
tes t ultiplicity of factors whicl 
ti to the pi dduction and miai 
tenal lcer in in. The authors a 
wi that ilid objections may be 
rais 1 Cause implying Tor 
the inder consideration. Neverthe 
le tl der it the most. satisfactor 
tel pril | lly bec ther feel that 
vene! ippropriately reters t non 
spe in ulcers loc ited in those region tf the 
li ( tract ¢ posed to gastric jules 
Uleer undoubtedly represents th 
produ t tr ion ind tedious labor on the part 
yt persons In the Opinion ot this 
Review in outstanding iccomplishment 
hich should serve for vears to come as an 
nspirat well as a fount of information 
for all phy ians and investigators interested 
in this important and pe rple xing disease 
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iS 
prenens 
rranged textbook 
with all ispects 
Phi | 
| 
ilue t eC] 
i 
eurology, in 
in official text. It 
indergradi ite st lent 
eurologist | ter 
he anat a 
| utol el 
ds tunctic ‘ 
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the chinica 
| tor 
lescril a 
bas early p 
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DisEASE. Edited by W 
M.D.. Prot. of Pre Ty | 
Semi-tropical 
Louisiana Pp SOS if ] | \\ | 
Saunders, 1950. Pri 

[TWENTY-FIVI Author eth 
have collaborated to 
volume An atte ipt 7 
very real success, to de an il of 
the disturbed mec! underly 
the symptoms and ns 
served in medical practice No attempt 
been made to suppl nt standard texts 
presente d with a book which goes a long way 


toward bridging the 


gap existing between thx 


NEUROLOGICA rio By R 
PEI ivy. Ph.D.. M.D sELL. N. DeJonc, M.D., Prof of Neurol 
ey, Univ. of Micl Pp. 1079; 368 
New York | 19 
$15.00 
Phe | 
Mecu Ol 
500 


BOOK REVIEWS 


treatise on Physiology, written by 
logist, and the various clinical 
present in didactic fashion the 


iptoms, signs and treatment 


book has nine main divisions: Circula 


System by Drs. Sodeman 2 Roberts 


Johnston, E. Hull, and J. S. LaDue 
I Svstem by Drs. J. H. Seabury 


Ht. Alexander; Digestive System, by 


W. L. Palmer, |. B. Kirsner, L. Schiff 
| finger, and R. Elman; Blood and 
Drs. W. B. Castle and (¢ A. Doan: 
Pract by Drs. A. C. Corcoran and 
| e; Endocrine Glands, Water Balance 


rition | Drs. E. (¢ Reitenstein, |r., R 


| Rushmer, and W. A. 

tor System by Dr. R. H. Frey 
Int tious Diseases Allergy by Drs 
Harrell 1 R. A. Cooke, and W. B 
nd Physical, Toxic and Chemical 

W. Bean and Foulges 
oted that neurologic problems 
disturbances ind disorders of 
balance are considered only as 
related to the various disease groups 


te that some symptoms which 


ely common in general practic 
headache, vertigo, and fatigue 
ntirely omitted. It is to be hoped 


litions will place more emphasis 


namic phenomena in their 
to disturbed physiology Such 
scope are relatively minor 

er nd this volume is heartily recom 
vedic il students ind general 

| EN OF Diseases IN THE UNITED 


B ALFRED | Coun, Member 
Rockefeller Inst. Med. Research 
Cramer Lincc, Secretary, Former Com 
Kesearch, New York Heart Assn 

38 charts and figs., 11. tables 
Yor} Oxford University Press, 1950 


distinctly unusual book. It. is 
two authors well qualified for the 
ind: to weld into as consistent 
ription as possible the various and 
red pieces of existing information on 
irden of diseases upon Society. They 
cuss the financial aspects of this 

but implic it in their presentation is 
purpose to draw from mortality and 
rates the material upon which 
anning can be made at a time when 


is so much confusion in the problems 


dical care. The source material is vital 
tistics in which “a world of living fact is 
d in arrid tables”. The Authors give 


1d 


meaning to the changes which have 


AND NOTICES ed 


taken place in causes of death effecting age 
groups from infancy to old age. Having 
shown the pattern as a whole, they then 
discuss separately each of the important 
diseases o1 groups of diseases. 

The volume is generously illustrated with 
8 well-conceived figures and charts and an 
idditional eleven tables. Five of these charts 
are so extensive that they are contained in 
the separate transparent slip-case in which 
the volume is enclosed. They are beautifully 
multicolored creations, but the fact that 5 
feet of space ar needed to spread out one 
chart detracts from their practical usefulness 

From this study there emerges a very clear 
picture of 1) the great decline in the rate 
of deaths from infectious disease in youth; 


2) the great increase in the number of 


deaths in the much augmented population 
of older persons 3) the relatively few 
deaths that now occur in middle age; 4 


t number of phenomena concerning several 
specific ailments—tuberculosis, diabetes mel 
litus, traumatic accidents ind cancer 


PiysioLocy oF SHock. By Cari ]. WicGEers 
Pp. 459; 56 figs. New York: Common- 
wealth Fund, 1950. Price, $5.00. 

For manv vears the Author of this mono 
graph and his associates have contributed 
to our knowledge of the important syndrome 
of shock This book is based upon these 
researches, but it also brings together and 
critically analyzes the vast amount of experi- 
mental work that has been carried on 
throughout the world. The manifestations of 
shock, as observed in patients and repro- 
duced in animals, have been outlined, and 
the states to which the term “shock” should 
be restricted have been defined. The methods 
used in experimental research—work designed 
to duplicate nature’s experiment as_ closely 
as possible are given in detail, Later chap- 
ters deal with the mechanism of peripheral 
circulatory failure, with the effect of shock 
upon the heart, upon the respiratory and 
oxidative functions, with the accompanying 
metabolic disturbances, the toxemic and 
neurogenic factors, and with the involvement 
ot special organs (such as adrenals, liver 
and kidneys). 

The concluding chapter is a summary otf 
the sequential reactions in the development 
of shock and a brief outline of the more 
urgent problems of basic and practical impor 
tance that as vet are unsolved. These few 
pages are not the least valuable of a valuable 
text, for here Dr. Wiggers, from his own 
rich experience, states what studies he thinks 
merit preference in the design of further 
work. His book is a welcome addition to 
medical literature. B. 1. 
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NEW EDITIONS 


{ Textbook of Gynecology. By ArrHur Haut 


Curtis, M.D., and Joun 
MAN M.D Northwestern Unis 6th ed 
Pp 799 166 ills., 37 in color Phila 
W. B. Saunders, 1950. Price, $10.00 
rH xth edition of “A Textbook of Gyn 


ind Huftmar 


ind is profusely ind 


oint ettort of 


urtis 
It is divided into 


54 chapters 


x« thy ustrated with photographs of gros 
ind pic pathologic specimen ind draw 
by | Jones 
l f S hapters are devoted to norma 
vi embrvology physiol ind 
i dis f the endocrine glands and clinical 
10¢ I gy Included in the latter ection ure 
brief s iries of the methods for saving er 
t f the hormones and other clinical diagnost 
wil ul important in the study of patient 
th sus] ted endocrine abnormaliti 
t n pelvic intections is, as pres 
dit t the nost interestin ind mipre 
h I i the disease groups discussed The 
pla tt wer a biotic and cl therapeut 
igent itment is included 
ind treatment pelvi 
ure t gl clearly presented but tl 
thors < tinue t deemphasize — the value { 
ery t l Thev suggest that the ross patl 
ilmost alway ‘ typical that 
tl started without confirmat 
den he ections on benign uterine neoplasm 
t rs extrauterine pregnal pt 
xat ind lesior of the i 
ke ve presented. In each instance botl 
ethods f diagnosis and of treatme I i 
ns liscussed. Short practical section 
on t rge intestine and the urinary tract tl 
tt lesions are valuable 
t il excellent reference he ill t 
ta uch material ind = because it is 
fact that in most instances the 
I it 1 techniques for the perative in 
t t lisease pr eSSES ire I carefull 
Lis« t the edical methods for ontrolling 
ess t r ib rmalities cl " atrophi 
rrhea rakes this book mewhat 
s t thar t could be for the student an 
tl pi titioner It ca vever 
is an xcellent ral textb 
LW 
Williams’ Obstetrics. By NicHoLson East 


MIAN 


Univ 


Prot of Obstetrics. Johns Hopkins 
LOth ed Pp 1200: 696 ills. New York 


Appleton Centurv-( rotts. 1950 Price 
$12.50 

THE DOS the author to set forth in i 
iprehensive manner the principles th 
practice f modern obstetrics for both medical 
tudent ind practitioners’ has been achieved in 


the 10th edition of Williams’ Obstetri The ma 


terial is divided into 10 sections 43 chapter 
eril normal anatomy physiology, the 
management of normal and abnormal pregnancy 
ind the ure of the newborn. It has been brought 
ip t late not only by the addition of new 


naterial but by the deletion of outmoded or dis 


proved ideas which had been included in previous 
litior merely for their historical interest. The 
najor idvances in the history of the develop 
ment of obstetric practice however have been 
retained = 
Among the important additions is a section on 


“Orientation” which includes, in addition to the 


REVIEWS 


AND NOTICES 

detinition and derivatior f the ter bstetric 
statistical information ning th birth rat 
maternal and tetal mortalit ind explanations tor 
the progressive decrease 1 both, abortion and _ the 
relationship of obstetr to other branches 
medicine Other ectior includin those 1 
toxemia, endocrinolo tracted pe dystocia 
infection, hemolytic d of the newborn and 
postpartum hemorrha ha been npletel 
rewritten The new neept ro ntal phy 
ology and ot the pl { the ut ne contra 
tion have been ancl practica 
ispects d 1. M r sections ha lik 
vise been revised I tt ul ! ¥ and 
eX ent ustration been a 

The anner in ntroversia ul 
pr ented vake th kK t I ve 
a f h 
author n 1 nst t t " in 
n elv h net t rake 
t an xcellent tex t t , 
practitione itat t th 
theoretica pect f ind t xtens 
bl rapt t ti nt t t botl 
recent and t referen 
the, m tit 

Adrenal Cortex. Edit by Enaine P. Kaui 

KONRAD BLOCH Grecory Pincus 


lrans. of the Ist ¢ ference. Nover her 2] 
32. 1949. Pp. 189; 20 ills. New York 


Macy, Jr. Foundatior 1950. } e, $2.00 
\ erbat { 

i 15 t t ti 

physiol tal lin pI tion 
f adrena t t 1 AC H I s i 
him n toget t t k vled 

n new a ex portant fir 

ted in the applica { i t h vledge 

t 

The Practice f <M By JONATHAN 


MIEAKINS rmerly 
Medicine, M 


518 ills., 50 in color. St. Loui 


(CAMPBELI 
Prot. oft 


Pp 1558 


Cc. V. Mosby. 1950. Price. $13.50 

In th new the 
previous edit t 
chapter n hiat b 
implified section ot nat ed ne \ 
new chapter t t ind 


irlier intibiotics ipter t loet 


mas been rew! 


Handbook of Physiology and Biochemistry 
By R. J. S. McDowa.t, M.D., Prof. ol 
Physiology, Univ f London. 40th (Cen 


tenary ed Pp 767 315 ills Phila 
Blakiston, 1950. Price, $7.00 

DHE 410th or center edition of this wel 
established book i iluable adjunct for the 
person for whom it ntended—the medical stu 


dent. Clear easils inderstood charts an 


diagrams which are libe used make for a quick 
grasp of important sul t 
[he treatment is one of general principles and 


the simultaneous discussion of physiology 


good. The 


an 
readable 


R. K. 


biochemistry are stvle is 


very 


4 
tng 


